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I. INTRODUCTION 
Purpose. The problem of estimating the flood-producing properties of 
natural drainage systems is receiving wide attention from hydrologists 
and designing engineers. Much of the recent progress in this field has 
been made possible through access to the large mass of rainfall and runoff 
data which has been accumulated by the United States Geological Survey, 
the United States Weather Bureau and other public and private agencies. 
It is for the purpose of assisting engineers and public officials in mak-
ing proper use of the large accumulation of precipitation and runoff data 
pertaining to the State of Missouri that this bulletin has been prepared. 
Engineering problems relating to the flow of a natural stream are con-
cerned either with the yield of water for domestic consumption, irrigation, 
and sewage dilution, or with the flood-producing capacity of the stream. 
The present study concerns only the latter. 
The proper design and location of many engineering structures such as 
dams, bridges, levees, highways, waterworks, sewage plants and industrial 
buildings are influenced by the magnitude of floods which may occur in 
the future . The damage which might result from floods must be balanced 
against the cost of preventing such damage by placing the structure at 
higher elevation, by increasing the capacity, or by providing levees or 
other protection. The danger to public and private property and to human 
populations, in the event the planned capacity is exceeded, may be the deter-
mining factor in the design . 
It may be found more economical to permit the flooding of an engineer-
ing structure occasionally, say once in five, ten, twenty-five, or more years and 
to repair the resulting damage, than to attempt to design it to withstand 
safely the greatest possible flood. It is thus sometimes of more importance 
to know the probable "frequency" of floods of various magnitudes than to 
know the maximum flood rate that might ever be expected. 
The physical factors affecting the relation between rainfall and runoff 
are many and varied. Unprecedented floods may result from combinations 
of conditions which might not occur again for centuries. Where important 
structures and human life are at stake no single method of computing flo.ods 
should be relied upon, but several non-related methods should be employed 
in determining the safe limits of capacity. Most structures are over-
designed in this respect, but where excess capacity threatens the economic 
success of the project special care must be exercised. 
The art of predicting future floods has advanced greatly during the 
last two decades. The need for more · dependable estimates than were 
possible with the long established flood formulas, used in storm sewer and 
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culvert design, led to development of methods for adapting laws of 
hydraulics to the runoff problem. W. W. Horner's experiments (Ref. 12-
13-14) in St. Louis and Dallas, dating back to 1908, and the work of 
other writers (Ref. 28-32) contributed much to rationalizing the problem 
by considering the runoff to be the rainfall minus infiltration and other 
losses. Studies conducted by Robert E. Horton (Ref. 17-18-19), LeRoy 
K. Sherman (Ref. 30-41-42-46) and others, have enlarged the supply of 
knowledge regarding infiltration, surface detention, and the effect 0£ ante-
cedent storms. 
Scope. Various methods have been proposed for determining the 
maximum flood, or the most probable flood of any given frequency, which 
might occur on any watershed. Some of these methods have given satis-
factory results particularly when applied to watersheds of the same type, 
size, and location with respect to climatic zone, as that for which the 
method was designed, but may not be satisfactory for other areas. Some 
of the methods have been based upon long-recorded history of the stream 
in question, or of a similar stream, whereas others are derived from records 
of short duration. No attempt will be made here to evaluate the relative 
merits of the different methods. Regardless of the system adopted it should 
be pursued with caution and checked by other methods. The final assump-
tion upon which the design proceeds rests upon the judgment of the 
engineer. 
This bulletin, therefore, will be restricted to a brief review of the 
most commonly accepted methods of estimating floods and a study of 
existing data pertaining to Missouri streams, making use of the theory 
of probability and of the partial-duration curve for the analysis of stream 
flow records. The methods commonly used fall into one of two classes: 
(1) those based upon the history of the stream (stream-flow records) and 
(2) those which attempt to determine flood flow from rainfall data (pre-
cipitation records). 
Data. The principal source of the stream-flow data used here is the 
published records of daily discharge appearing in the Water Supply Papers 
of the United States Geological Survey and in reports of the Missouri 
Geological Survey and Water Resources. These were supplemented by 
records from private sources and by data collected by the Engineering 
Experiment Station of the University of Missouri and published as a 
bulletin (Ref. 39) entitled "Study Relating to the Water Resources of 
Missouri." In a few instances where the record was incomplete the missing 
data were computed by comparison with existing records at other points 
on the same streams. 
The United States Geological Survey in cooperation with the Missouri 
Geological Survey and Water Resources maintains in Missouri at the 
present time 91 stream gaging stations, 55 of which are supplied with 
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automatic, recording gages. Many of these stations have been in operation 
for twenty years or more, but some for much shorter periods. Since an 
extremely short record obviously does not afford a truly representative 
sample of the entire experience of the stream, no records of less than ten 
years duration have been considered in the probability studies. Even these 
records, as short as ten years, will form a valuable basis for many engi-
neering estimates, particularly as relating to the intermediate frequencies. 
Great caution should be used in basing conclusions on the upper and lower 
extremities of the curve when the record is short, as these portions of the 
curve may be unduly influenced by one or two extreme observations. 
Stage records on some streams, particularly on the main stems of the 
Mississippi and Missouri Rivers, and the larger tributaries, have been 
kept for many years but, in many instances, no correlation was made 
between the stage, or elevation of the water surface, and the corresponding 
discharge. Studies relating to these streams have been made by the Corps 
of Engineers of the United States Army in connection with their flood 
control studies of the Mississippi River System, and some of their con-
clusions have been published in the Congressional Record as various House 
Documents of the 72nd and 73rd and 7 4th Congresses. 
Records of the river stages may be obtained from the United States 
Weather Bureau. Stage records do not form true probability series since 
the stage-discharge relation changes with every change in the river bed. 
Any attempt to adapt the probability method of study to stage records will, 
therefore, necessitate the conversion of the stage records into rate of flow. 
Because of the complications and approximations which this would involve, 
probability studies of these larger streams have been omitted from this 
bulletin. 
Since the completion of the flood probability studies reported in this 
bulletin, which include records ending with Sept. , 1940, another water-year 
has closed. The discharge records for the water-year 1940-41 will not be 
ready for publication by the Government for some time. However, a 
preliminary study indicates that in only a few instances do the subsequent 
records show any floods of sufficient magnitude to produce an appreciable 
change in results. The storms of April and October, 1941, resulted in severe 
floods on several streams, as indicated in Table 8. 
Acknowledgments. Tn the preparation of this bulletin generous co-
operation has been accorded by such agencies as the United States Geological 
Survey, United States Weather Bureau and the Soil Conservation Service. 
Especial acknowledgment is made to Mr. H. C. Beckman and Mr. C. J. 
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IL FLOOD FORMULAS 
by 
E. E. Dittbrenner 
Introduction. A formula is one of the most useful tools in the engi-
neer's kit, but like any tool, it has its limitations, and these limitations 
usually differ with different workmen, depending on their skill and experi-
ence. In some cases a formula is merely a means of saving time and work; 
in others it furnishes the only way of expressing a law of nature in mathe-
matical terms. Flood formulas fall certainly in the first class. Research 
and development during the last generation of hydrologists has been along 
two separate and distinct lines : first, the development and improvement of 
more comprehensive formulas; and second, an attempt to determine flood 
runoff without the use of formulas, as discussed in the other chapters of 
this bulletin. If formulas generally had proved satisfactory it would not 
have seemed necessary to devote so much time and effort in developing other 
methods. 
In any discussion of formulas it is important to consider their limita-
tions and weaknesses as well as their merits. When published data 
accompany the presentation of a formula the limitations may be apparent, 
or may be stated by the author, but few people using runoff formulas have, 
or seek access to, this information. As a consequence, limitations are 
usually not known or realized. 
An excellent review of most of the formulas now in current use is given 
in Water Supply Paper 771, Government Printing Office, 1936. (Ref. 49) 
No critical analysis of the formulas is made in that paper but sufficient 
discussion is included to assist the engineer in the selection and appro-
priate use of his formula. 
Empirical Formulas. Most formulas are of the general mathematical 
form 
Q = CMn 
or can be transformed into that form. In this formula Q is the runoff 
in second-feet, either total or per square mile, M is the drainage area in 
acres or square miles, and C is a coefficient, for the most part empirical. 
In these formulas n varies from 1/ 4 to 3/2 or more and may be either 
positive or negative; and C varies from 0.1 to perhaps 10,000. 
Obviously formulas which involve such wide variations cannot be 
expected to give similar results over a wide range of conditions. By 
adjusting the coefficient, a small portion of the curve of any one formula 
may be made to coincide approximately with that of another, but the 
extremities of the curves may diverge greatly, resulting in mathematical 
absurdities. Such is the case with Kuichling's formulas 
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Q 
Q 
( Ml:O~~O + 7.4 ) M (rare) 
44,000 
( M + 170 + 20 ) M ( occasional) 
in which a zero area appears to have a very definite runoff, and the "rare" 
curve drops below the "occasional" curve at about 7000 square miles. 
Kuichling "occasional" formula however, has shown surprisingly good 
results in Missouri in areas where the topography is rolling or hilly. Of 
the older formulas it gives reasonable results for a design basis more 
consistently than any other the writer has used. From this it should not 
be assumed that it will satisfy all individual cases. Certainly the use 
of such formulas must be confined to the conditions for which they were 
derived. A change in exponent can be compensated, to some degree, by a 
change in the coefficient over that part of the curve which is covered by the 
basic data. A wide variation in these two can still produce comparable 
results over the limited part of the curve. What this actually means, how-
ever, is that we do not have basically the proper formula to compute the 
runoff from drainage areas of any size, shape, condition, or location. The 
problem apparently cannot be solved with one simple formula. 
The effect of local conditions upon the value of the coefficient is illus-
trated in the Limiting Flood formula (Ref. 25) 
Q = CyM 100 pyM 
in which the coefficient p, known as the "percentage on the Myers scale" 
varies from values less than 1 to more than 200. A map showing typical 
values of p in various parts of the United States is published in "Low 
Dams" (Ref. 25). 
Early formulas did make some attempt to introduce a precipitation 
factor but since little was known of rainfall intensities and characteristics 
the results were either disappointing or not acceptable because the results 
appeared to be unreasonably high. Attempts to discover laws governing 
rainfall intensities and duration began many years ago and are summarized 
in various technical papers and textbooks on hydrology, water supply, and 
sewage disposal (Ref. 4, 25, 26, 28, 31, 33, 53). The use of a precipitation fac-
tor was not entirely feasible until the completion of the Miami Conservancy 
District's study, "Storm Rainfall of Eastern United States," first published 
in 1917 (Ref. 34) . The element of time, expressed as frequency, was recog-
nized by Fuller (Ref. 8) in his formula for maximum 24-hour flood occurring 
in T years, 
Q = CM0-8 (1 + 0.8 log T) 
Rational Formula. A widely employed formula for determining the 
peak run-off to be expected from a small area up to 1000 acres is the Ra-
tional formula, so called because it is derived from rational considerations. 
FLOOD FLOW ON MISSOURI STREAMS 9 
It has been particularly useful in estimating peak run-off for storm sewers. 
The formula is expressed as 
Q=CIA 
where C is the coefficient of imperviousness, I is the maximum intensity 
of rainfall in inches per hour, and A is the area in acres. 
This formula has been successfully used where it is possible to employ 
an ample factor of safety. The main difficulties encountered in applying 
the formula are in the determination of the coefficient of imperviousness 
and the intensity of rainfall. The rainfall intensity is a function of the 
time of concentration, which must be determined by a consideration of 
physical factors (Ref. 25, 53). 
The Burkli-Ziegler Formula. This formula, widely used for computing 
culvert and storm sewer sizes , is similar to the Rational formula, but also 
considers the effect of ground slope. The formula is expressed as 
where S is the average slope of the ground in feet per thousand feet. 
A graphical solution of the Burkli-Ziegler formula for areas up to 
10,000 acres is published on p. 182-183 of the "Handbook of Culvert and 
Drainage Practice." 
Modified Rational Formula. Recognizing that the rainfall-runoff re-
lation is a,ffected by several physical factors, such as shape of water shed, ar-
rangement and condition of drainage channels, slope of ground, and rainfall 
characteristics, various publications have been produced which attempt to 
evaluate the runoff coefficient and rainfall intensity in such manner that 
they will compensate for the many variable factors. 
The paper by Gregory and Arnold, appearing with numerous discus-
sions in Transactions of A.S.C.E., 1932 (Ref. 9) and the article by 
Merrill Bernard, published as appendix A, in "Low Dams" (Ref. 25) both, 
outline in detail methods for evaluating C and I to make the Rational 
Formula useful for rather large area. 
Pettis' Formula. The most recent flood formula coming to the atten-
tion of the writer is one developed by Col. Charles R. Pettis (Ref. 36, 37) 
an officer in the Corps of Engineers, U. S. Army. The equation in its 
latest form is 
Q = C (PW)S/4 
where Q is the discharge in second feet, P is maximum one-day precipi-
tation as indicated in the Miami Conservancy District Reports (Ref. 34), 
W is the averagQ width of the drainage area in miles ( obtained by dividing 
the area by the length of the valley), and C is a coefficient, a large portion 
of which is purely a mensuration factor. Earlier studies had indicated 
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that only W should be raised to the 5/ 4 power and the formula limited to 
areas between 1000, and 10,000 square miles. 
This revised formula, together with a group auxiliary formulas based 
on his "width" studies, outlines a direct and useful method for converting 
rainfall into runoff. Pettis' original and subsequent publications on this 
subject, with his discussions of river flood flow, form one of the outstanding 
contributions to this field and reveal a profound knowledge of stream 
hydraulics. While his original formula has been modified, its principal 
assumptions are still valid. The outstanding feature of this formula is the 
fact that it was derived from basic considerations and mathematically 
tested. Only the coefficient is empirical, and he considered that to be largely 
fixed by the use of arbitrary units for measurement of depth of rainfall 
and width of area. 
When the writer was first assigned to work involving computation of 
flood runoff much of the present knowledge of the subject had not yet 
been developed and published. His first attempts to use the Pettis formula 
indicated flows much higher than he was prepared to accept. It now 
appears, after fifteen years, that none of the formulas formerly in use 
indicated sufficiently large flow. The greatest known flood "in the memory 
of the oldest inhabitant" conforms more nearly to Kuichling's "occasional" 
than to any other formula accepted in Missouri at that time. It now 
seems quite clear that the "memory of the oldest inhabitant" is not a 
reliable guide, or that the period of observation has been insufficient to 
develop the full flood-producing possibilities of the drainage area. 
Precipitation. The use of a six-day accumulation of rainfall in Pettis' 
original formula gave rather high results. From rainfall-runoff studies 
in the last ten years or more it is clear that the usual three-day storm 
which causes most of our floods on ordinary drainage areas has a typical 
distribution in which the rainfall of a single day will supply at least half 
of the total rainfall, and will be the major contribution to the peak flow. 
Therefore the adoption of the one-day maximum storm seems consistent 
with the basic factor in floods and assumes that high rate infiltration has 
been satisfied by antecedent rain. The observation that the rate- of runoff 
increases with rate of precipitation also indicates that an exponent for P 
greater than I is reasonable. 
Width. The shape of the drainage area has long been recognized as 
having considerable influence on the flood runoff of the area. Long narrow 
drainage areas never possess the same flood flow, depth, or size of channel 
found in broad leaf-shaped areas . There appears to be intimate connection 
between the precipitation history and the development of the drainage 
system and nature does not develop absurdities. Storm characteristics pro-
duce quite different effects on the two extreme types of valleys, both of 
which are found extensively in Missouri. The use of only the width of any 
area seemed a bold step, yet in the writer's experience it appears to be one 
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of the most basic elements of the drainage area. 
Coefficient. There remains the coefficient C, unfortunately not en-
tirely a mensuration factor as Pettis originally supposed. A variable 
coefficient is the most difficult element of any formula. A general discus-
sion of the range of a coefficient may be complete and satisfactory, but the 
practicing engineer must, for any particular area, finally select a coefficient 
and abide by his decision. To be safe he will select a large coefficient if 
finances permit; if not, his judgment may permit him to select a smaller 
one. 
In this respect Pettis' formula serves more satisfactorily than most 
others. For all parts of the United States east of the Mississippi, except 
the prairies of Illinois, he finds a value of 310 to be satisfactory for C. 
For Missouri it varies from 260 in the west to 310 in the east. This is 
not a large variation. Farther west, in the arid country the coefficient is 
reduced. It is not clear whether the coefficient is affected most by the 
climatic nature of precipitation or by topography, or whether both play a 
part, but it appears that the coefficient is more dependent upon local 
topography than upon precipitation characteristics. In central Missouri 
south of the Missouri River there are some areas comparable to the Illinois 
prairies, such as the Blackwater River drainage area, and studies indicate 
that Pettis' coefficient for such areas may be below 200. This cannot be 
accepted as conclusive since it is not entirely certain that the "maximum" 
precipitation has occurred over this area. 
Limitations. Pettis has outlined the limits within which his formula 
can be used. Briefly, the ground must be thoroughly soaked before the 
maximum one-day storm and the area must be small enough to be covered 
by a single storm and large enough to permit full application of uniform 
meteorological conditions. If this finding is correct, that C is 100 for 
Illinois prairies, then two-thirds of his coefficient is affected by topographic 
conditions and the climatic factor is negligible. The other one-third depends 
upon the units of measurement. Doubtless he has unpublished data support-
ing his statement, but so radical a change in coefficient leads the writer to 
believe that perhaps a formula of this kind does not apply to very flat lands 
like the Illinois prairie. In other words, the reservoir effect of the flat 
land and shallow valleys vitiates the formula in the same way that lakes 
and marsh areas would act. 
Pettis himself possibly gives some clue to this in his admission of a 
low coefficient for Illinois prairies and in his statement (p. 95, Ref. 36) 
that "Very flat country is a special case requiring special treatment 
In the flat delta country of southeast Missouri, then, the formula would not 
apply. In fact, the writer has never found a satisfactory formula for that 
country, as flat land such as this tends to act as a reservoir and the runoff 
would respond accordingly. 
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Smaller Areas. Pettis (Ref. 36) has presented several formulas of 
great importance in the modification of his formula when applied to small 
drainage areas. These have been used by the writer for five or six years 
on many hundreds of stream crossing problems, and found to be sound 
and acceptable. Since most drainage areas in engineering problems contain 
less than 1000 square miles, it can readily be seen that such a contribution 
is important. 
Stage. Pettis proposes a formula giving the depth of flow for a selected 
storm, 
d = 4.18 (PW) 0 · 39 
d being minimum depth in feet over the crest of bars in the stream. In 
six years of almost daily use, few instances have been found when this 
formula did not give results which were acceptable and consistent with 
experience. Pettis' statement, that the depth found by his formula should 
be considered a minimum, seems well founded. It appears that in Missouri 
the exponent of (PW) ranges between 0.39 and 0.49. This variation has 
little effect on small streams and, since channel efficiency varies greatly, 
the formula 
d = 4.18 (PW) o.49 
might be suitable for use until the collection of more data makes possible 
a better exponent. 
This last formula is an important contribution. It is a striking 
fact that, of all the mass of literature on this subject, little of it is con-
cerned with the stage that corresponds to the determined discharge. The 
determination of runoff is relatively an easy matter, in spite of its apparent 
complexity, when compared to the determination of the depth of flow. The 
Chezy formula when applied to velocities in natural channels and valleys 
may give very misleading results. In the absence of extensive data on 
the particular stream in question the possibility of establishing a reliable 
depth of flow from ordinary rainfall and runoff data is exceedingly remote, 
even for the experienced engineer. 
It will be found in some cases that another equation proposed by Pettis; 
d = 0.704Q0 · 31 
may be more useful when artificial or other disturbing elements of the 
stream do not permit the use of the first form. His formula for approximate 
width of the main channel, 
B = 44.4 (PW) 0 · 61 
appears to have no applications as yet to natural channels and valleys but 
may be of use in artificial channels. 
One more formula in his group, which appears to have special signifi-
cance, is 
A= 310 PW 
where A is the area in square feet of the flood "prism" in the valley. Un-
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fortunately, the writer did not attach any special significance to this formula 
when first presented and only recently has it been used as a check; but in 
perhaps a hundred cases of different stream crossings it shows remarkable 
agreement with nature when Pettis' depth formula is found to apply. 
Conclusions. The various formulas briefly discussed here are based 
on different assumptions as to the effect of size and shape of drainage 
area, ruggedness of topography, precipitation, and the time interval 
between storms. Unfortunately, the influence of these factors has not 
been satisfactorily determined, and it is rare to find two competent engi-
neers who will give the same valuation to any single formula. In spite of 
this lack of agreement it must be remembered that a skilled workman can 
do wonders with a poor tool, and we do not lightly lay aside those devices 
which have produced satisfactory results. 
The rational formula naturally appeals to engineers as the most 
simple and logical mathematical relationship between rainfall and runoff. 
Probably more than all others, this formula has long been the basis for 
successful storm sewer design; yet it is defective in its application to 
natural streams and large areas in that it does not provide adequately 
for the reduction in flow caused by storage. This shortcoming can be 
overcome to some extent and the usefulness of the formula thus extended 
(Ref. 25). Fuller clearly realized the arbitrary nature of existing 
formulas, and would doubtless have devised a more acceptable formula 
if more extensive data had been available. Much progress has been made 
toward the elimination of the wide range in coefficients in a given formula 
when it is applied to a restricted locality, a defect especially apparent in 
the Myers formulas (Ref. 25). 
Pettis' formula seems to the writer to have met these difficulties in 
a simple, acceptable manner in a single equation. It recognizes the in-
fluence of the shape of the drainage area, precipitation, and the periodic 
time element which is involved in the selection of the precipitation factor. 
To some extent this equation appears to disregard topography; but 
it is not certain that either the magnitude of the flood or the time of oc-
currence of the peak is directly affected by topography. Extensive studies 
on areas having widely different topography indicated that if any such 
influence exists its effect can be eliminated by proper consideration of 
water losses and storage detention. Further research is needed in order 
to clarify this point. 
A formula can be confirmed only by actual use where the results can 
be observed. In fifteen years of intensive study, involving nearly seven 
thousand stream crossings on a modern highway system, the writer has 
found Pettis' formula to produce more consistent and dependable results 
than any other flood formula he has ever used. 
III. THE UNIT HYDROGRAPH 
The idea of the unit hydrograph was introduced in 1932 by L. K. 
Sherman (Ref. 43-45), and its usefulness has been greatly developed in 
succeeding years by Mr. Sherman and other engineers and hydrologists. 
A unit hydrograph of a given drainage basin may be defined as the 
hydrograph of surface runoff resulting from a unit storm. A unit storm 
is considered to be a storm occurring within a fraction of the concentration 
period of the resulting runoff. The shape of the unit hydrograph is a 
characteristic property of the given basin and it reflects such physical 
features as the shape of basin, the arrangement of tributaries, slope, and 
channel storage. With certain minor reservations it may be stated that all 
hydrographs of unit storms on any given drainage area, after the ordinates 
have been reduced to percentage of the total surface runoff, will be alike. 
They will have the same length of base, the peaks will be in the same 
position, and the magnitudes of the corresponding ordinates will be ap-
proximately equal. The average of the unit hydrographs thus reduced to a 
percentage basis is a "percentage distribution graph" (Ref. 3). 
With the distribution graph of a drainage basin once established, the 
hydrograph of surface runoff resulting from any well distributed storm 
can be determined with considerable accuracy. The process consists of (1) 
distributing each unit of excess rainfall throughout the period of time 
required for all of this unit to pass the gaging point (length of base), 
in proportion to the ordinates of the distribution graph; (2) then ar-
ranging the resulting unit hydrographs in chronological order; and (3) 
finally summing up the increments of runoff occurring during each unit 
of time. The term "excess rainfall," as used here, refers to the portion 
of total rainfall which appears in the stream as surface runoff. 
The method which will now be outlined follows the simple procedure 
used by Mr. Sherman (Ref. 30-46) in which three steps are involved in the 
determination of runoff from rainfall: 
1. Derivation of the distribution graph. 
2. Determination of rainfall excess for each unit of rain. 
3. Application of the distribution graph to the net (excess) 
rainfall resulting from the storm under study. 
1. Derivation of the Distribution Graph. Numerous methods have 
been devised for deriving the typical distribution graph of a drainage 
basin. One of the first methods used required the records of one or more 
intense, isolated unit storms and the resulting hydrographs. The base 
flow (Ref. 21-43) was first separated from the surface flow graphically and 
the ordinates of the remaining surface hydrograph were reduced to per-
centages of the total surface runoff. These resulting percentage graphs were 
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then averaged to obtain the typical distribution graph for the area (Ref. 
3-5-29-30-46-50). 
Probably because short, intense storms do not generally have uniform 
distribution over large areas, better percentage distribution graphs can 
sometimes be derived from storms of longer duration. The derivation is 
made by a reverse procedure from the customary summary used when the 
distribution graph is known, such as the illustration in Table 2. The 
total hydrograph of surface runoff must be broken down into its component 
unit hydrographs. McCarthy (Ref. 27), Snyder (Ref. 47), Collins (Ref. 6) 
and Sherman (Ref. 30, 46) have developed the subject with considerable 
success. 
Table I shows an analytical method used for deriving the distribu-
tion graph for two 24-hour unit storm periods in the Blackwater River 
basin above Blue Lick, Missouri. This method is essentially the same as one 
proposed by Sherman (Ref. 30) for graphical derivation. 
TABLE 1 
DERIVATION OF DISTRIBUTION GRAPH 
Blackwater River, Blue Lick, Mo. Storm of Nov. 16-17, 1928 
Area - 1120 sq. mi. Temperature moderate. 
(1) (2) (-3) (4) (5) (6) (7) (8) (9) (10) 
Date Rainfali Rainfall Runoff Increments of Distribution "ranh 
1928 Inches Excess Q R Runoff R-R Computed Adjusted 
Inches cfs Inches R1=R-R2 R2=pxP2 --,,.2 p X 100 percent 1 
Nov. 16 5.17 P 1 = 3.1 3,580 0.119 0.119 0.000 0.038 3.8 3.8 
17 2.64 P 2 = 2.1 20,600 0.684 0.604 0.080 0.195 19.5 19.5 
18 36,600 1.214 0.804 0.410 0.260 26.0 26.0 
19 33,800 1.123 0.576 0.547 0,185 18.5 19.5 
20 26,600 0.884 0.493 0.391 0.160 16.0 15.0 
21 19,200 0.638 0.302 0,336 0.097 9.7 9.7 
22 11,600 0.385 0.181 0.204 0.058 5.8 5.0 
23 4,170 0.138 0.016 0.122 0.005 0.5 1.5 
24 460 0 015 0 005 0 010 0 002 02 
Total 7.81 5.2 156,610 5,200 3.100 2.100 1.000 100.0 100.0 
In this example, the only data used were the 24-hour precipitation rec-
ords (Col. 2), as reported in the United States Weather Bureau Climato-
logical Data (Ref. 52), and the corresponding 24-hour average discharge 
data (Col. 4), from the Water Supply Papers of the United States Geological 
Survey. 
The average rainfall over the area for the storm of Nov. 16-17, 1928, 
was determined by the Thiessen method (Ref. 1-20-48). 
fall was considered equal to the surface runoff. The 
negligible when compared with the large total runoff1 
The excess rain-
base flow, being 
was disregarded. 
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This excess rainfall was then apportioned between Nov. 16 and Nov. 17 
(Col. 3), assuming 80% of the precipitation of the second day to have 
reached the gaging point. 
Column 4 of Table 1 corresponds with column 10 of Table 2; Column 5 
of Table 1, with Column 9 of Table 2; Column 6 of Table 1, with Column 5 
Table 2; Column 7 of Table 1, with Columns 6, 7 and 8 of Table 2; and 
Columns 8 and 9 of Table 1, with Column 4 of Table 2. Only the first five 
columns in Table 1 are known. The first figure in Column 6, 0.119 inches, 
represents the runoff for the first day and obviously was all produced by 
the rain, P 1 , of Nov. 16. In Column 8 the figure 0.038 = 0.119/3.1 is the 
first figure in the distribution graph. 
Next, in Column 7 the figure 0.080 = 0.038 X 2.1 gives the portion 
of the runoff on Nov. 17 which comes from the rain, P 2, of that same day. 
The portion coming from the rain Nov. 16, 0.684 - 0.080 = 0.604 (Col. 6) 
forms the basis for the second figure in the distribution graph, 0.604/3.1 
0.195 (Col. 8). 
Continuing the procedure, the figure 0.195 X 2.1 = 0.410 (Col. 7) is 
the portion of the runoff on Nov. 18 which comes from the rain, P 2 , of 
Nov. 17. The portion coming from the rain, P 1 , of Nov. 16, 1.214 - 0.410 
= 0.804 ( Col. 6) forms the basis for the third figure of the distribution 
graph, 0.804/3.1 = 0.260 (Col. 8). This procedure is repeated until the 
TABLE 2 
TEST OF DISTRIBUTION GRAPH 
Blackwater River, Blue Lick, Mo. Storm of Sept. 29-0ct. 2, 1927 
Area - 1120 sq. mi. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
Date Rainfall Rainfall DistributioIJ Increments of Surface Runoff Surface Synthetic Observed 
1927 Inches Excess Graph Inches Runoff Hvdroe'.raoh Hvdroe:raoh 
Inches Percent Sept. 29 Sept. 30 Oct. l Oct. 2 Inches c.f.s. c.f.s. 
Sept. 29 0. 93 0.09 3.8 0,0034 0.0034 100 1 
30 0.76 0.11 19.5 0,0176 0.0042 0.0218 650 485 
Oct. 1 2,85 0,86 26.0 0,0234 0,0214 0.0327 0.0775 2300 4580 
2 3.25 2.27 19.5 0.0176 0,0286 0.1678 0.0863 0.3003 9000 12000 
3 15.0 0.0135 0,0215 0,2235 0.4425 0, 7010 21100 18600 
4 9.7 0.0087 0,0165 0.1678 0,5900 0. 7830 23500 21660 
5 5,0 0,0045 0.0107 0,1290 0,4425 0,5867 17700 18600 
6 1.5 0.0013 0,0055 0,0833 0,3410 0,4311 13000 14700 
7 0.0016 0.0430 0,2202 0.2648 8000 9380 
8 0,0129 0.1135 0,1264 3800 4580 
9 0 0340 0.0340 1000 1000 
Total 7.79 3.33 100.0 0,0900 0,1100 0,8600 2.2700 3.3300 
Conversion factor - c.f.s. "" inches x 26.89 x sq. mile area. 
entire distribution graph has been determined. The graph developed in 
this way is influenced to some extent by the irregularity of rainfall dis-
persion and by errors in judgment in distributing rainfall excess between 
the two unit storms, P 1 and P 2 • When the distribution graph is plotted, 
the evident irregularities may be corrected, and the entire graph adjusted 
to total 100%, as indicated in Column 10. 
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Table 2 shows the application of the distribution graph, just derived, 
to a storm which occurred between Sept. 29 and Oct. 2, 1927, on the same 
drainage basin. The reasonable agreement between the synthetic hydro-
graph (Col. 10) and the observed runoff hydrograph (Col. 11) indicates 
that the distribution graph is fairly typical for the given watershed. 
2. Determination of Rainfall Excess. Much of the success of the unit 
hydrograph method, as well as of other methods of computing runoff, 
depends upon a proper determination of rainfall excess. In the earlier 
attempts to use the unit hydrograph method, the process was applied to 
the total rainfall, resulting in what has been called a "pluviagraph." Its 
shape was similar to that of the final surface hydrograph but it included 
all the rainfall. The ordinates were then reduced by multiplying them by 
a runoff coefficient. The early periods of the resulting hydrograph were 
liable to be too high as no allowance was made for the varying rate of 
water loss by infiltration, evaporation and interception. 
A better method is to determine the probable loss during each unit 
of rainfall and then to consider the rainfall excess to be the precipitation 
minus losses. The distribution graph may then be applied to the residuals, 
and the resulting graph will be the hydrograph of surface runoff. Horton, 
Sherman, Horner and others (Ref. 15-19-41-42) have shown in considerable 
detail how infiltration rates may be determined and the excess rain found 
with a reasonable degree of accuracy. The rate of infiltration diminishes 
as the rain proceeds, until a final steady rate is reached. Surface runoff 
can occur only when the rate of precipitation exceeds the loss rate. Records 
from a recording rain gage are needed in order to make such an analysis. 
Hourly rates of precipitation are now being published by the United States 
Weather Bureau for a large number of stations over the state (Ref. 51). 
When only a record of the daily accumulation of rainfall is available 
(Ref. 52) the accuracy of the estimate of rainfall excess becomes less certain 
and can only be considered as representing average conditions. However, 
the application of a proper runoff coefficient, or percentage, to each unit of 
rainfall will be more accurate than the use of a single average runoff 
coefficient for the entire storm. Sherman (Ref. 30-46) has prepared a 
chart, reproduced here in Fig. 1, showing the average ratio of runoff to 
rainfall for north central states. The chart makes allowance for the 
season of the year and for the effect of antecedent rains. It appears to 
fit Missouri conditions, especially where the topography is rolling. Addi-
tional data for computing similar ratios for any particular location can 
be obtained from the Weather Bureau reports and the Water Supply 
Papers of the United States Geological Survey. Data from the Water 
Supply Papers pertaining to runoff from Missouri streams have been 
collected into two volumes prepared by the Missouri Geological Survey 
and Water Resources (Ref. 35). 
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FOR USE IN DERIVATION OF NORMAL SEASONAL RUNOFF 
WHEN ONLY 24 HOUR UNDISTRIBUTED PRECIPITATION RECORDS 
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DATA FROM CERTAIN STREAMS IN EASTERN MISSOURI AND 
IOWA, ILLINOIS, IND/ANA AND WESTERN OHIO • 
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FIG. 1.-RATIO OF RUNOFF TO RAINFALL 
(Courtesy of L. K. Sherman) 
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3. Application of the Distribution Graph. The probable flood which 
might be expected to occur on the Blackwater River at Blue Lick with an 
average frequency of once in a hundred years has been computed by the 
foregoing method and the results are given in Table 3. The probable 100-
year, six-day storm was determined by interpolation from the isopluvial 
charts published by the Miami Conservancy District (Ref. 34). Column 
2 shows the six-day storm arranged by days in the order which would 
produce the greatest peak flow. A dispersion factor of 80% has been 
applied in Column 3. Pettis (Ref. 36) gives the relation (0.9956) M as the 
most probable factor for determining the average rainfall over an area of 
M square miles when the precipitation at the storm center is known. In the 
present instance this formula would indicate a dispersion factor of 0.86. 
TABLE 3 
APPLICATION OF DISTRIBUTION GRAPH 
Blackwater River, Blue Lick, Mo. 100 Year, 6-day Storm - Miami Reports 
Area 1120 sa. mi. 
(1) (2) (3) (4) (5) (6) (7) I (8) I (9) (10) (11) 
Day Rainfall Av.BO% Rainfall Distribution Runoff From Unit Storm Total Total 
Storm Center On Basin Loss Excess Graph No. 4 No. 5 No. 6 Surf.Runoff Surf. Runoff 
Inches Inches Inches Inches Percent Inches Inches Inches Inches c.f.s. 
1 0.20 0.16 0.16 0.00 3.8 
2 0.15 0.12 0.12 0.00 19.5 
3 0.20 0.16 0.16 0.00 26 . 0 
4 0.80 0.64 0.54 0.10 19.5 0.0038 0.0038 114 
5 1.40 1.12 0.73 0.39 15.0 0.0195 0.0144 0.0339 1020 
6 7.35 5.88 1.18 4.70 9.7 0.0260 0.0760 0.1790 0.2810 8450 
5.0 0.0195 0.1013 0.9150 1.0358 31200 
1.5 0.0150 0.0760 1.2210 1.3120 39500* 
0.0097 0.0585 o. 9150 0.9832 29500 
0.0050 0.0378 0. 7050 0. 7478 22500 
0.0015 0.0195 0.4560 0.4770 14300 
* Probable 100-year, 24-hour flood 
Column 11 indicates a maximum 24-hour flood of 39,500 c.f.s. The 
momentary peak flood would probably be ten percent greater than the 
24-hour average discharge, or about 43,500 c.f.s. Fuller's equation (Ref. 8) 
Qmax = Q (1 + 2 M-03) 
would indicate a possible momentary peak rate of 
2 
Qmax = 39,500 (1 + ( 1120) 0 3 J = 39,500 X 1.242 = 49,000 c.f.s., 
or roughly, 50,000 c. f. s. 
A similar analysis of the maximum recorded six-day storm for this 
general region as indicated by the Miami Conservancy District report, indi-
cates a probable maximum 24-hour flood of 48,000 c.f.s., with a peak 
flow of 53,000 c.f.s. Fuller's equation would indicate a possible momentary 
peak rate of about 60,000 c.f.s. The average frequency of this storm would 
be about once in 800 years, since the records comprise an aggregate of 
approximately 800 station years. The maximum recorded peak flood at 
the Blue Lick gage was 40,000 c.f.s. occurring on Nov. 18, 1928. 
IV. METHODS EMPLOYING LAWS OF HYDRAULICS 
There is a strong trend in modern hydrologic practice toward the use 
of purely hydraulic procedures for determining the rainfall-runoff relation. 
A detailed discussion of these methods is beyond the scope of this bulletin, 
but those engineers who prefer to make use of the recent developments 
are referred to papers by L. K. Sherman (Ref. 44) and W. W. Horner 
(Ref. 16). 
Sherman traces the flow of water by hydraulic methods overland to 
the tributary streams and thence, by routing methods, to the outlet point 
of the drainage area, making use of Seddon's wave velocity (Ref. 40) and 
Barrows' method of computing the effect of reservoir detention (Ref. 1-2). 
In the paper by Horner and others a method is described for computing 
flood flow from small areas, making use of infiltration rates and channel 
storage. In order to simplify the solution to the problem of overland flow 
the basin has been broken down into small areas, to each of which a typical 
unit hydrograph is applied. This results in a hydrograph of inflow into the 
main channel. A stage-volume curve is constructed for the system channels. 
A stage-discharge curve is computed by means of Manning's formula or by 
direct measurement. The authors state that "by a system of proportioning 
between the mass curve of inflow and the storage and discharge curves, 
the mass curve of outflow was drawn, and from this the hydrograph of 
discharge was plotted." 
V. STATISTICAL METHODS 
When the rate of discharge of a stream has been recorded daily over 
a long period of years, a proper study of the records, together with evidence 
of excessive floods occurring before the beginning of the record period, may 
be expected to provide a reliable estimate of future floods. Such studies 
are essentially statistical and may fail to show the flood which might be 
occasioned by the chance occurrence over the basin of an exceptionally 
heavy rain known to be possible in that climatic region. It must be 
remembered that statistical studies are based upon the theory of sampling 
and rest upon the premise that a representative sample of the performance 
of the stream can be secured. 
If the record covered a sufficiently long period, a thousand years or 
more, the study would indicate quitP. accurately the probable future perform-
ance. Extreme variations in stream flow appear to occur in cycles. Any 
variations due to causes other than permanent climatic changes might reason-
ably be expected to recur within such a long record period. However, most 
available stream flow records cover short periods of 10 to 30 years which 
might easily fail to include the extreme phases of the runoff cycle. 
The usual method of sampling requires the adoption of some charac-
teristic observation in each time element, such as the one maximum 24-hour 
average flood occurring in each year, each month, etc. Upon first con-
sideration, this may seem unfair. Frequently a single time element may 
contain several 24-hour floods greater than any flood occurring in other 
similar elements; but only the one greatest flood occurring in each time 
element is selected. This results in a true probability series. 
It is important that the time element be selected so that all elements 
offer the same opportunity of occurrence. Thus, every month of the year 
does not afford the same opportunity for excessive floods but all years do 
a,fford the same opportunity. Therefore, the year has been adopted as the 
time element in the present study. 
The Duration Curve. The selected observations comprise a series 
which may be arranged in order of magnitude. This arrangement is known 
as a "duration curve." The shape of the curve is generally somewhat irre-
gular and is not the same for all streams; but a smooth graph drawn through 
the observed points resembles, somewhat, an ogee (0 - G) curve, which 
graphically represents the normal law of error. 
The late Allen Hazen (Ref. 10-11) discovered a so-called probability 
scale by means of which a normal 0-G curve may be rectified. The method 
is suggested by Fig. 2 and is described in detail by J. 0. Jones (Ref. 22). 
By plotting the observed series on Hazen's probability paper (Ref. 10) the 
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excessive curvature is eliminated or greatly reduced, making extrapola-
tion of the extremes much more reliable. 
In order to form a normal series one-half of the terms must fall above 
the mean and one-half below; and the sum of the variations of terms above 
the mean must be equal to the sum of the variations of terms below the 
mean. Stream-flow records do not usually satisfy these conditions and 
are said to form "skew" curves. The degree of departure from the normal 
series is measured by the "coefficient of skew." 
There are numerous mathematical methods for computing points on a 
smooth curve which will best fit the plotted observations. In the final test 
the "goodness of fit" of the smooth curve is subject to the judgment of 
the engineer. The various methods used will give quite similar results 
for intermediate frequencies while the curves may diverge at the extremes. 
For this reason it is believed that the upper and lower ends of the duration 
curve are not entirely dependable for indicating extreme floods. 
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FIG. 2.-THE PROBABILITY CURVE 
The ordinate of the duration curve is commonly expressed in cubic feet 
per second, but when a comparison of the flood-yielding characteristics of 
different streams is desired, the ordinate may be expressed in inches on 
the watershed, in cubic feet per second per square mile, or in percentage of 
the mean flow as used in the studies which follow. 
The abscissa of the duration curve may be expressed in time units, in 
the number of occurrences in 100 years, or in percentage of time as used 
hereafter. 
The plotting position of each flood is determined by dividing the 100-
percent time scale into the number of equal intervals corresponding to the 
number of observations in the series, and plotting each observation in the 
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middle of its time interval. This is expressed by the equation (Ref. 49) 
P = 2m - 1 X 100 
2n 
23 
where p is the plotting position in percent of time, m is the number of the 
observation in the duration series and n is the number of observations in 
the series. 
The Probability Curve. The method herein employed for computation 
of theoretical probability curves is described in considerable detail in 
papers by Allen Hazen (Ref. 10-11), H. Alden Foster (Ref. 7), J. 0. Jones 
(Ref. 22) George W. Pickels (Ref. 38) and by the authors of textbooks on 
Hydrology and Water Power Engineering (Ref. 1-28-32). Professor 
Pickels' discussion of procedure and arrangement of data in Bulletin No. 
296 of the Engineering Experiment Station, University of Illinois, have 
been particularly useful in the preparation of the present studies. The 
fundamental concepts employed are discussed in most textbooks on the 
Method of Least Squares and will not be repeated here. 
The "mean" of a series of n terms (Ref. 10) is the arithmetical average 
of all the terms. 
M = lQ 
n 
The "median" is the middle terms of the series. The "variation" of any 
term is the difference between the term . and the mean of the series. 
v=Q-M 
The "standard variation" (abbreviated S. V.) is the square root of the 
mean square of the variations of all the terms. 
S. V. = lv2 
n-1 
The "coefficient of variation" (C. V.), is the ratio of the standard 
variation to the mean of the series. 
1 lv2 
C. V. = M n-1 
When the series is expressed as ratios to the mean, the coefficient of varia-
tion is expressed by the same equation as the standard variation. 
lv2 C.V.= --
n-1 
The "probable error" is the median of all the variations; that is, it is 
exceeded by half of the variations. 
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The "coefficient of skew" (C. S.), is a measure of the departure from 
the symmetrical, "normal" curve, and it indicates whether the series con-
tain a fair proportion of excessive floods. 
lv3 
C. S. = (n-1) (C. V.) 3 
Because the magnitude of the C. S. is affected by the length of the record 
and is liable to be too low, Hazen recommends that it be increased in the 
case of a finite series. For use with his Logarithmic Skew Factors, Hazen 
suggests that the computed coefficient of skew be "adjusted" by multiplying 
it by the factor (1 + ~~), where n is the number of terms in the series. 
n 
C. S. (adj .) = C. S. ( 1 + S.S ). 
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The C. S.adj., as modified by this arbitrary factor, may produce a curve 
which does not closely fit the plotted data. In this case the C. S. (adj.) may 
be arbitrarily increased or decreased until, in the judgment of the engineer, 
the best fit is obtained. This final coefficient is called the "graphic coefficient 
of skew," (C. S. graphic). In the curves which follow, a C. S. graphic has 
been substituted for the C. S. adj. whenever this results in a smooth curve 
which will better fit the plotted data. 
Choice of Probability Factors. In computing the smooth curve a 
choice of probability factors must be made. The choice will generally lie 
between the Type I and Type III factors of Karl Pierson (Ref. 7) and the 
logarithmic probability factors of Allen Hazen (Ref. 10). The Type I 
factors appear to conform somewhat better to the observed data at the 
lower end of the curve, but give lower values at the upper end of the curve 
than Hazen's logarithmic factors. When the logarithmic probability factors 
are used the lower end of the curve will often fall too low, and it may 
be brought into better coincidence with the observed data by using a 
graphic coefficient of skew. If this arbitrary, graphic coefficient is larger 
than the adjusted coefficient, the upper end of the curve will be raised 
somewhat as will the lower end, adding a further element of safety. At 
the same time intermediate portions of the curve will be lowered slightly 
but not appreciably. The portion of the curve representing about 10 
percent of the time, or an average occurrence of once in ten years, will remain 
practically unchanged. In the studies which follow, Hazen's logarithmic 
probability factors have been used. These factors are reproduced here 
in Table 4. 
Application of Method. Tables 5 and 6 illustrate the method used in 
computing the parameters of the probability curve and the plotting points 
for the smooth curve. 
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Partial Duration Curve. Instead of choosing the largest single one-
day flood in each year of the record, the largest independent one-day flood 
in each month or week might be selected. The series would then contain 
many more terms and would include all of the independent floods regardless 
Coeffi-
cient of 
s kew 
0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1. 7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.5 
5.0 
Terms over 
mean 99 
per cent -
50.0 2.32 
49.4 2.25 
48.7 2.18 
48.1 2.12 
47.5 2.05 
46. 9 1.99 
46.3 1.92 
45 .6 1.86 
45.0 1.80 
44 .4 1. 73 
43.7 1.68 
43.1 1.62 
42.5 1.56 
41.9 1.51 
41.3 1.46 
40.7 1.41 
40.1 1.36 
39.5 1.32 
38.9 1.27 
38.3 1.23 
37. 7 1.19 
37.1 1.15 
36.5 1.11 
35.9 1.07 
35.3 1.03 
34.7 1.00 
34.1 0.97 
33.5 0. 94 
32.f 0.91 
33.3 0.87 
31.8 0.84 
30.6 0.78 
29.4 0. 73 
28 . 2 0.67 
27. 0 0.62 
25. 7 0.58 
22.2 0.48 
19.2 0.40 
TABLE 4 
HAZEN'S LOGARITHMIC SKEW CURVE FACTORS 
Multiply Coefficient of Variation by Thes e and Add to or 
Subtract from the Mean 
Per Cent of term above limit 
95 80 50 20 5 1 
- - - + + + 
1.64 0.84 0.00 0.84 1.64 2.32 
1.62 0.85 0.02 0.84 1.67 2.40 
1.59 0.85 0.03 0.83 1.71 2.48 
1.56 0.85 0.05 C,.83 1. 74 2.56 
1.53 0.85 0.06 0. 82 1. 75 2.64 
1.50 0.85 0.08 0.82 1. 79 2. 72 
1.47 0.85 0.09 0.81 1.81 2.80 
1.44 0.85 0.11 0.80 1.84 2.89 
1.41 0.85 0.12 0.79 1.86 2. 97 
1.38 0.85 0.14 0.77 1.88 3.06 
1.34 0.84 0.15 0.76 1. 90 3.15 
1.31 0.84 0.17 o. 75 1.92 3.24 
1.28 0.83 0.18 0.74 1.94 3.33 
1.25 0.83 0. 19 0.72 1.96 3.41 
1.22 0.82 0.20 0.71 1.98 3.50 
1.19 0.81 0.22 0.69 1. 99 3.59 
1.16 0.81 0.23 0.67 2.01 3.69 
1.13 0.80 0.24 0.66 2.02 3. 78 
1.10 0.79 0.25 0.64 2.03 3.88 
1.07 0.78 0.26 0.62 2.04 3.98 
1.05 0. 77 0. 27 0.61 2.05 4.07 
1.02 0.76 0.28 0.59 2.06 4.17 
0.99 0.75 0.29 0.57 2.07 4.27 
0.96 0.74 0.30 0.55 2.07 4.37 
0.94 0.73 0.31 0.53 2.08 4.48 
0.91 0.72 0.31 0.51 2.08 4.58 
0.89 0.71 0.32 0.49 2.09 4.68 
0.86 0.69 0.33 0.47 2.09 4.78 
0.84 0.68 0.33 0.45 2.09 4.89 
0.82 0.67 0.34 0.43 2.09 5.01 
0.79 0.66 0.34 0.41 2.08 5.11 
0.74 0.64 0.35 0.37 2.06 5.35 
0.69 0.61 0.36 0.32 2.04 5. 58 
0.65 0.58 0.36 0.28 2.02 5.80 
0.61 0. 55 0.36 0.23 1. 98 6.10 
0.56 0.52 0.36 0.19 1.95 6.50 
0.47 0.45 0.35 0.10 1. 79 7.30 
0.40 0.39 0. 34 0.00 1.60 8.20 
Adjusted Skew= Computed Skew (1 +li). 
n 
Corres ponding 
0.1 0.01 coefficient of 
+ + variation 
3.09 3.72 0.00 
3.24 3.96 0.03 
3.39 4.20 0.06 
3.55 4.45 0.10 
3.72 4.72 0.13 
3. 90 5.00 0.16 
4.08 5.30 0.20 
4.28 5.64 0.23 
4.48 6. 00 0. 27 
4.69 6. 37 0.30 
4.92 6.77 0.33 
5.16 7.23 0.37 
5.40 7.66 0.41 
5.64 8.16 0.44 
5.91 8.66 0.48 
6.18 9.16 0. 51 
6.48 9.79 0.55 
6.77 10.40 0.59 
7.09 11.07 0.62 
7.42 11.83 0.66 
7.78 12.60 0.70 
8.13 13.35 0.74 
8.54 14.30 0.78 
8.95 15.25 0.82 
9.35 0.86 
9.75 0.90 
10.15 0.94 
10.65 0.98 
11.20 1.03 
11. 75 1.08 
12.30 1.12 
13.50 1.22 
1. 33 
1.44 
1.57 
1. 70 
2.10 
2.50 
The figures in the las t column s how the value of the coefficient of variation that, in connection 
with the coefficient of skew s hown in the first column will produce plotting point of a line that is straight 
on logarithmic probability paper . 
Reprinted by permission from "Flood Flows" by Hazen, publis hed by joun Wiley & Sons , Inc. 
(Ref. 10> 
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of their time of occurrence. The resulting series would approach the 0-G 
curve in form except for the distortion resulting from skew. If only 
the larger terms of the series were used, so as to include an average of 
some given number of floods per year, the curve would be called a "partial 
duration curve." As shown in Fig. 3 only the upper portion of the 
duration curve would be used, with the base extended to cover the full 
record period. This curve will have a much higher mean value than the 
full duration curve. The intermediate dashed curve shows approximately 
the relative position of the true probability curve made up of maximum 
annual 24-hour floods. 
Since there is little interest in floods occurring with greater frequency 
than once a year, only the number of upper terms corresponding to the 
TABLE 5 
COMPUTATION OF DATA FOR PROBABILITY CURVE, 
JAMES RIVER AT GALENA 
19 Years of Record Area - 1,000 sq. mi.* 
Maximum 24 hr Plotting Flood as Variation Variation Variatio~ Cubed 
Floods in order Position Ratio to from Mear Squa~ed V 
of Magnitude %Time 
Q c.f.s. FPnxlOO 
42,000 2.6 
39,100 7.9 
30,700 13.2 
24,000 18.4 
15,600 23.7 
14,600 29.0 
14,000 34.2 
13,900 39.5 
13,100 44.8 
11,600 50.0 
10,300 55.3 
9,400 60.6 
8,600 65.8 
8,580 71.1 
8,140 76.4 
7,750 81.6 
6,850 86.8 
5,140 92.1 
2 040 97.4 
~v2 = 9.823 
2 v3 = 11.204 - 1.541 = 9.663 
C.V.~9.823 = .739 
19-1 
c.s.- (;·;~;) (. 739)3 1.333 
Mean 
..Q. 
M 
2.79 
2.60 
2.05 
1.60 
1.04 
0.97 
0.93 
0.92 
0.87 
0.77 
0.69 
0.63 
0.57 
0.57 
0.54 
0.52 
0.46 
0.34 
0.14 
C.S. (adj)= 1.333 (1 +-W> = 1.930 
V =..Q.. - 1 V 
M + -
+ 1.79 3.204 5.735 
1.60 2.560 4.096 
1.05 1.102 1.157 
0.60 0.360 0.216 
0.04 0.002 0.000 
- 0. 03 0.001 0.000 
0.07 0.005 0.000 
0.08 0.006 0.001 
0.13 0.017 0.002 
0.23 0.053 0.012 
0.31 0.096 0.030 
0.37 0.137 0.050 
0.43 0.185 0.079 
0.43 0.185 0.079 
0.46 0.212 0.097 
0.48 0.230 0.111 
0.54 0.292 0.157 
0.66 0.436 0.287 
0.86 2 0 740 0 636 
V = 9.823 11.204 1.541 
~v3 = 9.663 
* Area revised to 987 sq. mi. in 1941 - no correction made in previous records. 
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number of years of record were used in the graphic studies which follow 
(Figs. 4 to 51). 
A smooth curve representing each partial duration series could be 
drawn through the plotted points by inspection but a mathematical method 
is more accurate. The equation Q = A/Tm, suggested by Professor Pickels 
(Ref. 38), has been used here, in which Q is the discharge in cubic feet 
TABLE 6 
COMPUTATION OF DATA FOR SMOOTH CURVE, 
JAMES RIVER AT GALENA 
19 Years of Record Area - 1,000 sq. mi.* 
Mean= 15,021 c.f.s. c.v. = .739 C.S.adj = 1.930 
Plotting Skew Product Ratio to Probable Flood 
Position Curve Factor x Mean Ratio x Mean 
% Time Factor c.v. Product+ 1 
99 - 1.22 - 0. 901 0.099 1,490 
95 1.07 0.790 0.210 3,160 
80 0.78 0.575 0.425 6,400 
50 0.26 0.192 0,808 12,100 
20 + 0.62 + 0.458 1.458 21,900 
5 2.04 1.510 2.510 37,800 
1 4.00 2,950 3,950 59,400 
0.1 7.51 5.550 6.550 98,500 
* Area revised to 987 sq. mi. in 1941 - no correction made in 
previous records. 
per second to be expected on an average of T times each 100 years. The 
constants A and m were computed by the method of least squares. Before 
plotting the curves the discharge was converted into ratio to the mean, 
for the purpose of comparison with the logarithmic probability curve 
appearing directly above it. 
As a further independent interpretation of the partial duration data, 
another smooth curve was plotted (shown by a dashed line) using Hazen's 
logarithmic probability factors, the method used in plotting the probability 
curve. From a strict mathematical sense this would not be permissible 
since the partial duration series is not a true probability series; but in 
many cases this curve fits the observed data more accurately than the 
hyperbolic type of curve, particularly in the upper extremity where the 
extrapolated hyperbolic type of curve is obviously not satisfactory. The 
parameters C.V., C.S. (adj.) , and C.S. {graphic) used in this construction are 
given at the bottom of the data tables for the respective streams. 
Coefficient of Flood. Weston E. Fuller, in his paper "Flood Flows" 
(Ref. 8), showed that the flood-producing capacity of any area may be 
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indicated by a "coefficient of flood," 
where Qm is the mean 24-hour flood in c.f.s. and M is the catchment area in 
square miles. This coefficient fixes the height of the flood curve and indicates 
the magnitude of the mean floods on other areas in the region, for which 
gaging records are inadequate or lacking. 
The exponent, 0.8, of the area, M, used to compensate for the variation 
of flood intensity with the area, was established by Fuller for a group of 
l 
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FIG. 3.-DURATION CURVES 
eastern streams. It was later verified by Allen Hazen (Ref. 10) in 1930. 
In 1937 Professor Pickels reported (Ref. 38) that his studies indicated a 
slightly higher exponent than Fuller's 0.8 for Illinois streams, but that 
the studies were not conclusive. Since Missouri more nearly resembles 
the Eastern Seaboard, topographically, then does Illinois, it would appear 
that Fuller's coefficient of 0.8 should be maintained until detailed studies 
of Missouri streams indicate a better value. 
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TABLE 7 
LIST OF MISSOURI STREAMS 
AND 
PARAMETERS OF PROBABILITY CURVES 
Length 
Drainage of Coef. of 
area Record Varia- roef nf "kew 
Stream and Gaging Station sq. mi. yrs . tion Adjusted I Used 
UPPER MISSISSIPPI RIVER BASIN 
Cuivre River - Troy 903 19 0.509 1.233 1.400 
Fox River - Wayland 400 19 0.717 1.265 1.600 
North Fabius ll.iver - Monticello 452 19 0.544 0.418 0.750 
Salt River - Hunnewell 626 11 0.462 0.204 0.500 
Salt River - New London 2480 19 0.470 0.620 1.000 
Wyaconda River - Canton 393 19 0.728 1. 725 1.900 
LOWER MISSISSIPPI RIVER BASIN 
Big River - Byrnesville 892 18 0.498 0.195 0.500 
Black River - Leeper 957 19 0.750 1.365 1.600 
Bourbeuse River - Union 767 19 0.405 0.704 0.704 
Cas tor River - Zalma 395 19 0. 685 1.473 1.600 
Current Ri\•er - Doniphan 2030 22 0.809 2,400 2.400 
Current River - Eminence 1230 19 0.7 23 0'.926 0.926 
Current River - Van Buren 1640 28 0.827 2.070 2.300 
Eleven Point River - Eardley 690 19 0.945 1.583 2.300 
Jacks Fork River - Eminence 367 19 0.770 1.447 2. 000 
James River - Galena 1000• 19 0.739 1.925 1.925 
Meramec River -.Eureka 3800 19 0.538 0.382 0.382 
Meramec River - Steelville 830 18 0.607 0.454 0.800 
Meramec River - Sullivan 1550 12 0.520 0.980 0.980 
North Fork River - Tecumseh 1180 19 0.747 0.838 1.500 
Shoal Creek - Joplin 458 17 0.674 0.310 1.000 
Spring River - Waco 1160 17 0.711 3.000 2.500 
St. Francis River - Fisk 1370 13 0.627 0.351 1.000 
St. Francis River - Patterson 956 19 0.634 0.912 1.100 
MISSOURI RIVER BASIN 
Chariton River - Elmer 1660 10 0.620 0.905 1.200 
Chariton River - Keytesville 1950 12 0.489 0.521 0.521 
Chariton River - Novinger 1370 10 0.665 1.085 1.400 
Gas conade River - Hazelgreen 1250 12 0.887 2.800 2.800 
Gasconade River - Jerome 2840 18 0.672 1.170 1.300 
Gasconade River - Rich Fountair 3180 19 0.652 2.000 2.500 
Gasconade River - Waynesville 1680 19 0.635 1.602 1.800 
Grand River - Gallatin 2250 19 0.630 0.760 1.200 
Grand River - Sumner 6880 17 0.615 0.990 0.990 
Lamlne River - Clifton City 598 18 0.575 1.128 1.300 
Little Piney Creek - Newburg 200 12 0.845 2.460 2.460 
Locust Creek - Linneus 550 12 0.703 0.617 0.617 
Locust Creek - Milan 225 12 0.183 0.880 0.880 
Medicine Creek - Galt 225 19 0.571 0.530 0.700 
Niangua River - Decaturville 627 10 0. 510 2.230 2.230 
Nodaway River - Burlington Jct. 1240 19 0.648 0.904 1.300 
Osage River - Osceola 8220 19 0.475 0.486 1.000 
Piney Creek - Big Piney 560 19 0.489 1.095 1.095 
Pomme de Terre River - Hermitage 655 19 0.528 1.440 1.440 
Sac River - Stockton 1160 19 0.532 0.451 1.000 
South Grand River - Brownington 1660 19 0.731 1.430 1.430 
Tarkio River • Fairfax 508 19 0.661 0.925 1.500 
Thompson River - Trenton 1680 12 0.689 0.805 1.800 
Weldon River - Mill Grove 494 12 0.665 0.860 1.400 
• Area revised fo 987 sq. mi. In 1941. 
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Mean 
Flood Coef. of 
c.f.s .. Flood 
21300 91.~ 
6078 49.8 
7070 53.1 
6775 39.1 
26868 51.7 
5573 46.8 
12937 56.2 
17785 73.5 
12066 59.1 
9155 76.9 
24120 53.8 
19720 65.7 
24816 66.2 
8267 44.2 
7553 65.7 
15021 60.0 
33910 46.5 
13700 62.8 
14663 41.1 
16100 56.5 
5677 42.1 
14335 50.8 
18 23 1 56.8 
29103 120.3 
11685 31.0 
10374 24.2 
7252 22.7 
17241 57.3 
28290 48.6 
27900 44.3 
18749 49.6 
22933 47.3 
41681 35.3 
12296 73.6 
4227 61.3 
6249 40.3 
2777 36.5 
3490 45.9 
8239 47.6 
7900 26.3 
38884 28.8 
8535 54.0 
13013 72.3 
17540 62.2 
13744 36.4 
4013 27.5 
12788 33.8 
5831 40.5 
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The coefficient of flood reflects to some extent such watershed char-
acteristics as valley storage, reservoir storage, shape of watershed, slope, 
etc. Table 7 gives the coefficient of flood for each stream studied. These 
should be found useful in estimating the mean annual 24-hour flood for 
other streams in the state. Proper weight should be given to the physical 
characteristics of the watersheds which are being compared. 
Stream and.Gaging Station 
Cuivre River - Troy 
Fox River - Wayland 
North Fabius River - Monticello 
Salt River - Hunnewell 
Salt River - New London 
Wyaconda River - Canton 
Big River - Byrnesville 
Black River - Leeper 
Bourbeuse River - Union 
Castor River - Zalma 
Current River - Doniphan 
Current River - Eminence 
Current River - Van Buren 
Eleven Point River - Bardley 
Jacks Fork River - Eminence 
James River - Galena 
Meramec River - Eureka 
Meramec River - Steelville 
Meramec River - Sullivan 
North Fork River - Tecumseh 
Shoal Creek - Joplin 
Spring River - Waco 
St. Francis River - Fisk 
St. Francis River - Patterson 
Chariton River - Elmer 
Chariton River - Keytesville 
Chariton River - Novinger 
Gasconade River - Hazelgreen 
Gasconade River - Jerome 
Gas conade River - Rich Fountain 
Gas conade River - Waynesv~lle 
Grand River - Gallatin 
Grand River - Sumner 
Lamine River - Clifton City 
Little Piney Creek - Newburg 
Locust Creek - Linneus 
Locust Creek - Milan 
Medicine Creek - Galt 
Niangua River - Decaturville 
Nodaway River - Burlington Jct. 
Os age River - Osceola 
Piney Creek - Big 1-'iney 
Pomme de Terre River-HermitagE 
Sac. River - Stockton 
South Grand River - Brownington 
Tarkio River - Fairfax 
Thomps on River - Trenton 
Weldon River - Mill Grove 
Date of 
Maximum 
Flood 
Oct. 5, 1941 
June 29, 1933 
June 30, 1933 
July I, 1933 
June 21, 1928 
June 30, 1933 
August 1915 
March 1904 
Aug. 22, 1915 
Jan. 15, 1937 
March 1904 
Mar , 11, 1935 
Mar. 12, 1935 
August 1915 
June 13, 1928 
Mar. 12, 1935 
Aug. 22, 1915 
June 27, 1935 
Aug. 22, 1915 
June 13, 1928 
Apr. 19, 1941 
Aug. 17, 1927 
Mar. 13, 1935 
August 1915 
Nov. 17, 1928 
Apr. 25, 1929 
Nov. 25, 1931 
Mar. 12, 1935 
Jan. 6, 1897 
Mar . 14, 1935 
Mar. 13, 1935 
June 2, 1929 
June 5, 1929 
Apr. 16, 1929 
June 26, 1935 
June 21, 1939 
Nov. 18, '1928 
Mar, 12, 1928 
Apr. 20,J941 
June 9, 1941 
Noy. 2, 1941 
Mar. 11, 1935 
Oct. 5, 1941 
Oct. 5, 1941 
Nov. 19, 1933 
July 7, 1929 
Nov. 18, 1928 
June 2, 1929 
Area revised to 987 sq. mi . , 1941. 
TABLE 8 
MAXIMUM RECORDED FLOODS 
Drainage Maximum Recorded Momentary 
Area 1-Day Flood Peak Flood 
sq. mi. c.f.s. c.f.s./sq. mi. c.f.s. c.f.~./sq .. mi. 
UPPER MISSISSIPPI RIVER BASIN 
903 72,900 81.0 120,000 133.0 
400 14,700 36.7 25,000 62. 5 
452 13,600 30.1 17,400 38 .5 
626 11,300 18 .1 15,400 24.6 
2480 52,300 21.1 58,700 23.7 
393 15,400 39.2 17,700 45.0 
LOWER MISSISSIPPI RIVER BASIN 
892 ---- ---- 80,000** 89.7 
957 ---- ---- 125,000** 130.7 
767 ---- ---- 50,000** 65.2 
395 24,800 62.8 40,400 102.3 
2030 ---- ---- 130,000** 64.0 
1230 47,700 38.8 59,600 48.5 
1640 63,000 38.4 86,600 52.8 
690 ---- ---- 44,000** 63.8 
376 18,200 48.4 40,000 106.4 
1000• 42,000 42.0 60,400 60.4 
3800 ---- ---- 175,000** 46. 1 
830 24,000 28. 9 47,800 57.6 
1550 ---- ---- 90,000** 58.1 
1180 33,400 28.3 53,000 44.9 
458 22,500 49.2 54,000 58.7 
1160 47,800 41.2 57,400 49.5 
1370 34,600 25.2 50,000•** 36. 5 
956 ---- ---- 100,000** 104.6 
MISSOURI RIVER BASIN 
1660 22,500 13.6 
I 
22,500 13.6 
1950 18,100 9.3 18,700 9.6 
1370 12,900 9.4 15,400 11.2 
1250 58,800 47.0 68. 700 55.0 
2340 ---- ---- 100.000** 42.7 
3180 80,000 25.2 86,000 27 .0 
1680 51,400 30.6 69,000 41.1 
2250 51,400 22.8 56,800 25.2 
6880 107,000 15.6 110,000 16.0 
598 28,300 47.3 40,200 67. 2 
200 13,400 67.0 28,000 140.0 
550 12,700 23.1 14,900 27.1 
225 3,880 17.2 3,880 17.2 
225 7, 220 32.1 12,300 54.7 
627 29,800 47.5 36,700 58.5 
1240 19,800 16.0 21,000 16.9 
8220 10, 500 8.6 70,900 8.6 
560 16,900 30.2 20,400 36.4 
655 32,600 49.7 70,000 106.9 
1160 34,400 29.6 55,600 48.0 
1660 38,800 23.4 60,000 36.1 
508 9,000 17.7 15,000 29.5 
1680 26,500 15.8 26,700 15.9 
494 11,500 23.3 14,200 28.7 
Maximum discharge estimated from stage record. 
*** Time of peak flow uncertain. 
Ratio Extent 
Momentary Continuous 
Peak Flood Record 
to 1-Day Flood 
1.65 1922-1940 
1.70 1929-1940 
1.28 1922-1940 
1.36 1930-1940 
1.12 1922-1940 
1.15 1922-1940 
---- 1922-1940 
---- 1921-1940 
---- 1921-1940 
1.63 1921-1940 
---- 1921-1940 
1.25 1921-1940 
1.38 1912-1940 
---- 1921-1940 
2.20 1921-1940 
1.44 1921-1940 
---- 1903-1906 
1921-1940 
1.99 1922-1940 
---- 1921-1933 
1.59 1921-1940 
2.40 1924-1940 
1.20 1924-1940 
1.44 1927-1940 
---- 1921-1940 
I 
1.00 11921-1940 
1.03 1929-1940 
1.19 1931-1940 
1.17 1929-1940 
---- [1903-1906 
1923-1940 
I.OB 1921-1940 
1.34 1914-1940 
1.11 1921-1940 
1.03 1924-1940 
1.42 1922-1940 
2.09 1928-1940 
1.17 1929-1940 
1.00 1921-1940 
1.70 1921-1940 
1.23 1930-1940 
1.06 1922-1940 
1.01 (1921-1928 
1930-1940 
1.21 1921-1940 
2.15 1921-1940 
1.61 1921-1940 
1.55 1921-1940 
1.67 1922-1940 
1.01 1928-1940 
1.23 1929-1940 
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Maximum Flood Rate. Throughout this work the 24-hour average 
flood has been uniformly used regardless of the size of the catchment 
area. In many instances, particularly on small drainage basins, the 
momentary peak rate of discharge may greatly exceed the 24-hour 
average rate. Fuller (Ref. 8) attempted to express this relation by the 
formula 
Qmax = Q (1 + 2M-03) 
in which Qmax is the maximum peak rate, Q is the largest expected 
24-hour average rate of flood, and Mis the area in square miles. No attempt 
has been made here to apply this equation to Missouri streams, but Table 
8 shows the ratios of the observed Qmaxl Q for the largest one-day flood at 
each station as determined from the actual record, except for a few early 
floods where only the peak rate is obtainable. On smaller basins, where 
floods may rise quickly and fall again within a few hours, the ratio Qmaxl Q 
will vary considerably with the duration of the storm which produces the 
flood. 
GRAPHICAL INTERPRETATION OF MISSOURI DATA 
TABLE 9 
DISCHARGE DATA, CUIVRE RIVER NEAR TROY 
Drainage Area, 903 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
(Probability Curve) 
Date of Flood Dischare:e 
c.f.s. 
Sept. 5, 1926 47,400 
March 16, 1929 38,500 
April 13, 1927 36,100 
June 20, 1928 32,700 
April 16, 1939 28,500 
March 14, 1922 23,200 
March 12, 1923 22,000 
May 3, 1933 20,50C 
Nov. 3, 1936 19,100 
Dec. 13, 1924 19,000 
March 19, 1925 17,400 
April 8, 1938 17,400 
May 15, 1935 16,200 
Sept. 28, 1936 14,600 
Sept. 29, 1934 13,300 
Jan. 2, 1930 12,400 
May 19, 1931 10,400 
Aug. 13, 1932 10,100 
March 3 1940 5 910 I 
Mean---21,300 
c.v.--0.509 c.s.adr-1 ,233 
c.s.graphic--1.400 
Ratio to 
Mean 
2.22 
1.80 
1. 70 
1.53 
1.34 
1.09 
1.03 
0.96 
0.90 
0.89 
0.82 
0.82 
0.76 
0.68 
0.62 
0,58 
0.49 
0.47 
0.28 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharge 
c.f. s . 
Sept. 5, 1926 47,400 
March 16, 1929 38,500 
April 13, 1927 36,l(l0 
May 18, 1929 34,900 
June 20, 1928 32,700 
March 20, 1927 32,200 
April 17, 1926 31,600 
April 16, 1939 28,500 
April 6, 1928 27,500 
Oct. 1, 1926 24,800 
Nov. 8, 1925 24,000 
April 13, 1927 23,200 
April 18, 1922 22,900 
March 12, 1923 22,000 
May 25, 1927 22,000 
Nov. 14, 1926 21,600 
April 13, 1933 20,500 
April 8, 1927 19,300 
Nov. 3 1937 19 100 
Mean---27,832 
c. v.--0.274 c .s.adr-1.262 
C.S.graphic--1.600 
TABLE 10 
Ratio to 
Mean 
1. 70 
1.38 
1.30 
1.25 
1.17 
1.15 
1.13 
1.02 
0.99 
0,89 
0,86 
0.83 
0,82 
0.79 
0.79 
0,78 
0.74 
0.69 
0,69 
DISCHARGE DATA, FOX RIVER AT WAYLAND 
Drainage Area, 400 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Dischare:e 
c.f.s. 
Nov. 18, 1928 15,200 
June 24, 1933 14,700 
June 2, 1935 12,900 
June 7, 1931 8,700 
March 13, 1939 8,650 
Feb. 26, 1936 7,400 
Oct. 2, 1928 6,700 
Nov. 24, 1931 6,440 
Oct. 2, 1926 6,140 
Sept. 17, 1926 6,100 
June 17, 1925 3,720 
June 16, 1930 3,340 
Feb. 22, 1937 3,200 
Aug. 7, 1924 3,030 
April 6, 1938 2,380 
July 12, 1922 2,330 
March 16, 1923 1,700 
June 29, 1933 1,470 
Aoril 24 1940 1 380 
Mean---6 078 
c.v.--o. 717 c.s.adJ--1.265 
C.S.graphic--1.60 
Ratio to 
Mean 
2.50 
2.44 
2.12 
1.43 
1.42 
1.22 
1.10 
1.06 
1.01 
1.00 
0.61 
0.55 
0.53 
0.50 
0.39 
0.37 
0.28 
0.24 
0.23 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharue 
c .f.s. 
Nov. 18, 1928 15,200 
June 29, 1933 14,700 
June 2, 1935 12,900 
April 21, 1929 11,200 
June 7, 1931 8,700 
March 13, 1939 8,650 
Feb. 26 , 1936 7,400 
Oct. 2, 1927 6,700 
Nov. 24, 1931 6,440 
Oct. 2, 1926 6,140 
Jan. 2, 1932 5,210 
April 20, l 927 5,150 
June 2, 192.9 5,030 
Sept. 11, 1928 4,910 
Jan. 19, 1933 4,760 
April 16, 1939 4,730 
April 21, 1931 4,700 
March 14, .1929 4,670 
Tune 13 1927 4 510 
Mean---7 458 
C.V.--0.460 C.S.adf-1.830 
C.S.graphic--2,40 
Ratio to 
Mean 
2.04 
1.97 
1.73 
1.50 
1.17 
1.16 
0,99 
0.90 
0,86 
0.82 
0.70 
0,69 
0.67 
0.66 
0.64 
0.63 
0.63 
0.63 
0 61 
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TABLE 11 
DISCHARGE DATA, NORTH FABIUS RIVER AT MONTICELLO 
Drainage Area 452 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
(Probability Curve) 
Date of Flood Discharee 
c.f.s. 
June 29,. 1933 13,600 
Nov. 18; 1928 13,600 
June 3, 1935 12,700 
Feb. 25, 1936 10,600 
June 19, 1928 10,300 
March 13, 1939 9,680 
April 20, 1927 8,760 
April 21, 1931 7,100 
Jan. 1, 1932 7,020 
June 26, 1924 6,370 
Oct. 29, 1929 5,880 
Sept. 16, 1926 5,680 
Feb. 21, 1937 51500 
April 25, 1925 4, 250 
July 13, 1922 4,120 
May 28, 1938 3,360 
March 13, 1923 2,730 
April 24, 1940 1,780 
Sent. 29 1934 1 270 
Mean--- 7,070 
C.V.--0.544 C.S.adj-0.418 
C.S.graphic--0. 75 
Ratio to 
Mean 
1.92 
1.92 
1.80 
1.50 
1.46 
1.37 
1.24 
1.00 
0.99 
0.90 
0.83 
0.80 
0. 78 
0.60 
0.58 
0.47 
0.39 
0.25 
0 18 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Dischar"e 
c.f.s. 
Nov. 18, 1928 13,600 
June 30, 1933 13,600 
June 3, 1935 12,700 
Feb. 25, 1936 10,600 
July 16, 1929 10,500 
June 19, 1928 10,300 
May 24, 193.5 10, 200 
March 13, 1939 9,680 
April 16, 1939 9,600 
April 20, 1927 8,760 
April 25, 1929 8,760 
Dec. 25, 1932 8,220 
May 13, 1933 7,950 
Oct. 3, 1927 7,680 
Sept. 28, 1936 7,560 
April 21, 1931 7,100 
Jan. 1, 1932 7,020 
June 19, 1.935 6,880 
Tune 3 1939 A 860 
Mean--- 9, 346 
C.V.--0.232 C.S.adr-1.100 
C.S.graphiC- -0.150 
TABLE 12. 
Ratio to 
Mean 
1.46 
1.46 
1.36 
1.13 
1.12 
1.10 
1.09 
1.03 
1.03 
0.94 
0.94 
0.88 
0.85 
0.82 
0.81 
0.76 
0.75 
0.74 
0 "4 
DISCHARGE DATA, SALT.RIVER NEAR HUNNEWELL 
Drainage Area 626 sq. mi. 11 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharge 
c.f.s . 
July 1, 1933 11,300 
June 4, 1935 10,900 
Feb. 26, 1936 9,370 
June 8, 1931 9,020 
March 14, 1939 8,320 
Aug. 20, 1932 6,560 
Feb. 22, 1937 4,700 
April 12, 1938 4,620 
July 2, 1930 3,610 
March 4, 1940 3,210 
Sent. 15 1934 2 920 
Mean--- 6,775 
C.V.--0.462 C.S.adr-0.204 
C.S.graphic--0.500 
Ratio to 
Mean 
1.66 
1.61 
1.38 
1.33 
i. 22 
0.97 
0.69 
0.68 
0.53 
0.47 
0 43 I 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharl!'e 
c.f.s. 
July 1, 1933 11,300 
June 4, 1935 10,900 
Feb. 26, 1936 !;l,370 
June 8, 1931 9,020 
March 14, 1939 8,320 
Dec. 26, 1932 8, 080 
April 18, 1939 6,750 
Aug. 20, 1932 6,560 
May 14, 1933 5,920 
June 23, 1939 5,690 
Tnno ?n 1 no, AnQ 
Mean---7,937 
C.V.--D.260 C.S.adr-0.606 
C.S.graphic--1.400 
Ratio to 
Moon 
1.43 
1.37 
1.18 
1.14 
1.05 
1.02 
0.85 
0.83 
0. 75 
o. 72 
0 .68 
Plotting 
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92.1 
9" 4 
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TABLE 13 
DISCHARGE DATA, SALT RIVER NEAR NEW LONDON 
Drainage Area 2,480 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Dlscharae 
c.f.s. 
June 21, 1928 52, 300 
Sept. 6, 1926 49,800 
March 16, 1922 38,800 
Nov. 19, 1928 36,700 
Feb. 28, 1936 35,800 
March 21; 1927 35,700 
June 13, 1931 32,400 
May 14, 1933 31,400 
June 22, 1939 30,400 
May 15, 1935 26,500 
Aug. 15, 1932 23,000 
May 24, 1938 20,800 
Feb. 13, 1930 16,600 
Feb. 22, 1937 15,500 
Sept. 30, 1934 14,800 
March 17, 1925 13,700 
March 13, 1923 13,200 
June 13, 1924 12,100 
March 3 1940 11 000 
Mean---26,868 
C.V.--0.470 C.S.adr-0.620 
C.S.graphlc--1.00 
Ratio to 
Mean 
1.94 
1.85 
1.44 
1.36 
1.33 
1.33 
1.20 
1.17 
1.13 
0.98 
0.86 
0. 77 
0.62 
0.58 
0.55 
0.51 
0.49 
0.45 
0 41 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of flood Dis char.,.e 
c.f. s. 
June 21, 1928 52,300 
Sept. 6, 1926. 49,800 
April 8, 1926 40,200 
March 16, 1922 38,800 
Nov. 19, 1928 36,700 
Feb. 28, 1936 35,800 
March 21, 1927 35,700 
March 17, 1929 ' 34,400 
April 14, 1927 32,800 
June 13, 1931 32,400 
May 14, 1933 31,400 
June 22, 1939 30,400 
April 26, 1929 29,100 
Dec. 25, 1932 28,600 
May 20, 1929 28,200 
Oct. 3, 1926 27,000 
April 18, 1939 26,700 
May 15, 1935 26,500 
Mareh 13 1939 ... AnO 
Mean--- 33,853 
C.V.--0.172 C.S.adr-3.44 
C.S.graphic--2.50 
TABLE 14 
Ratio to 
Mean 
1.54 
1.47 
1.18 
1.14 
1.08 
1.06 
L05 
1.02 
0.97 
0.96 
0.93 
0.90 
0.86 
0.84 
0.83 
0.80 
0.79 
0.78 
0 78 
DISCHARGE DATA, WYACONDA RIVER ABOVE CANTON 
Drainage Area 393 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods All Maximum One-Day Floods 
( Probability Curve) Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharge Date of Flood Dlscharve 
c.f.s. Ratio to c.f.s. Ratio to 
Mean Mean 
June 30, 1933 15,400 2.76 June 30, 1933 15,400 2.22 
June 3, 1925 13,900 2.50 June 3, 1935 13,900 2.00 
Nov. 18., 1928 11, 000 1.97 Nov. 18, 1928 11,000 1.58 
March 13, 1939 8,760 1.57 March 13, 1939 8, 760 1.26 
Feb. 27, 1926 6,460 1.16 May 13, 1933 7,680 1.11 
June 7, 1921 6,350 l':14 Feb. 27 , 1936 6,460 0.93 
Oct. 3, 1927 6,090 1.09 June 7, 1931 6,340 0.91 
Oct. 3, 1926 5,840 1.05 Oct. 3, 1927 6,080 0.88 
Sept 17, 1926 4,550 0.82 April 26, 1929 6,020 0.87 
Aug . 15, 1932 4,250 0.76 Oct. 3, 1926 5,830 0.84 
April 7, 1938 4,180 0.75 April 17, 1939 5,770 0.83 
Feb. 22, 1937 3,050 0.55 Dec. 25, 1932 5,730 0.83 
June 27, 1924 2,990 0.54 July 16, 1924 5,700 0.82 
March 14, 1922 2,730 0.49 June 3, 1929 4,740 0:68 
Feb. 13, 1930 2,640 0.47 April 1, 19,29 4,690 0.67 
March 16, 1923 2, 240 0.40 Sept. 17, 1926 4,550 0.66 
April 26, 1925 2,240 0.40 April 21 , 1927 4,550 0.66 
April 24, 1940 2, 020 0.36 June 19, 1935 4,550 0.66 
Sent. 30 1934 1 200 0 22 Tune 3 1927 4 240 0.61 
Mean---5,573 Mean---6, 944 
C.V.--0.728 C.S.adr-1.725 C.V.--0.458 C.S.adr-2.305 
C.s.l!:ranhlc--1.90 
*Rel!ords previous to Oct., 1932 reduced to present location. 
Plotting 
Position 
Percent-
age of 
Time 
2.6 
7.9 
13.2 
18.4 
23.7 
29.0 
34.2 
39. 5 
44.8 
50.0 
55.3 
60.6 
65.8 
71.1 
76.4 
81.6 
86.8 
92.1 
97 4 
PlotUng 
Ppsltion 
Percent-
age of 
Time 
2.6 
7. 9 
13.2 
18 .4 
23. 7 
29.0 
34.2 
39.5 
44 .8 
50.0 
55.3 
60.6 
65.8 
71.1 
76.4 
81.6 
86.8 
92.1 
97 4 
4 .0 
3.0 
2.0 
/.0 
Cl 
C) 
0.8 
C) 
0.6 G:: 
<! 
0.4 
"- 0.3 C) 
0.2 
(5 
h: 
0./ 
Q:: 
:i:' 
" !Q 
c:i 
3.0 
2.0 
/.0 
0 .8 
0.6 
..... , 
'r--.. 
0 
t--... 
o ';, 
~o MEAN FLOOD = 26,868 
;,. 
o-::,. 
-...._, 
0 0 , ..... 
" " '--'-- '--PROBABILITY CURVE 
" '--I-- ,__C.V.=0.470 CS.GRAPHIC=/.00 I'\ i 
PARTIAL DURATION CURVE 
" Q= 69,010 '--'--
I'--... I'-- To.2023 ,......_ 
I I 111 ' ::::,,.... r-.. I I T1T ----::::: 
MEAN FLOOD =33,853 
1::,....,,0 
·-
LEAST SQUARES 
-P~O~AB/t7111-I 
0.5 I 2 5 10 20 30 40 50 60 70 80 90 95 98 99 
PERCENTAGE OF TIME 
FIG. 8 .-FLOOD MAGNITUDE-FREQUENCY 
CURVES, SALT RIVER NEAR NEW LONDON, 
MISSOURI 
4.0 
3.0 
2 .0 
1.0 
0.8 
Cl 
C) 0.6 
C) 
G:: 
<! 0 .4 
0.3 
"-C) 
02 
(5 
h: 
4.0 
Q:: 
3 .0 :i:' 
" !Q 
c:i 2.0 
/.0 
0.8 
0.6 
I"----,.... 
o l', 
"-
I;\ 
r-,,__, MEAN FLOOD =5,573 
> 
' 'Q. 
p O" 
"' " 1" 0 
I'\. 
PROBABILITY CURVE " 0 
C.V.=0.728 CS.GRAPHIC=l.90 I\ 
I\. 
I'\. 
'" " PARTIAL DURATION CURVE '- "r-,, '\. Q= 26,310 
..... " To.3BB6 0 ' 
K 0 
I I 111 
MEAN FLOOD=6,944• 
-
LEAST SQUARES 
PROBABILITY -- '-
0.5 I 2 5 10 20 30 40 50 60 70 80 90 95 98 99 
PERCENTAGE OF TIME 
FIG. 9.-FLOOD MAGNITUDE-FREQUENCY 
CURVES, WYACONDA RIVER ABOVE CANTON, 
MISSOURI 
38 THE UNIVERSITY OF MISSOURI BULLETIN 
TABLE 15 
DISCHARGE DATA, BIG RIVER AT BYRNESVILLE 
Drainage Area, 892 sq. mi. 18 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharire 
c.f.s. 
Feb. 19, 1938 23,500 
March 13, 1935 23,000 
April 18, 1939 20,600 
April 2, 1927 20, 000 
May 15, 1933 18, 600 
Jan. 15, 1930 17,200 
Jan. 16, 1937 14,600 
May 14, 1929 13,800 
Nov. 9,. 1925 13,100 
June 21, 1928 11,600 
May 17, 1923 11,100 
April 1 O, 1924 10,800 
Nov. 11, 1935 9, 160 
May 2, 1940 6,800 
May 16, 1934 5,450 
Dec. 19, 1924 5,170 
April 13, 1932 4,450 
Anril 21 1931 3 040 
Mean---12, 937 
C.V.--0.498 C.S.adr-0,195 
C.S,graphlc--0.500 
Ratio to 
Mean 
1.81 
1.77 
1.59 
1.54 
1.44 
1.33 
1.13 
1.06 
1.01 
0,90 
0.86 
0.83 
0.71 
0.52 
0.42 
0.40 
0.34 
0.30 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Dischare:e 
c.f.s. 
Feb. 19, 1938 23,500 
March 13, 1935 23,000 
April 18, 1939 20,600 
April 2, 1927 20,000 
May 15, 1933 18,600 
April 17, 1933 18,400 
Jan. 15, 1930 17,200 
May 24, 1938 16,600 
June 22, 1935 15,200 
June 11, 1938 14,900 
Jan. 16, 1937 14,600 
May 14, 1929 13,800 
March 31, 1938 13,600 
Nov. 9, 1925 12,800 
May 4, 1937 12, 200 
May 26, 1927 11,800 
June 21, 1928 11,600 
Mav 17 1923 11 100 
Mean--- 16,083 
c.v.--0.240 c.s.adf-0.478 
C.S,graphic--1.20 
TABLE 16 
Ratio to 
Mean 
1.46 
1.43 
1.28 
1.24 
1.16 
1.14 
1.07 
1.03 
0.95 
0. 93 
0,91 
0.86 
0.85 
0.80 
0.76 
0.73 
0.72 
0.69 
DISCHARGE DATA,BLACK RIVER AT LEEPER 
Drainage Area, 957 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharire 
c.f.s . 
March 11, 1935 52,900 
May 14, 1933 38,500 
April 1, 1927 33,600 
Dec. 14, 1928 22,600 
Feb. 18, 1938 22,600 
Jan. 15, 1937 22,400 
May 13, 1929 21,900 
Nov. 19, 1921 20,300 
April 17, 1939 19,500 
May 16, 1923 18,100 
Jan. 14, 193C 17,500 
Nov. 8, 1935 13,800 
April 20, 1940 8,360 
March 8, 1931 6,000 
June 12, 1924 5,200 
Jan. 23, 1932 5,000 
Nov. 11, 1935 4,020 
Sept. 16, 1934 3,240 
Dec. 20, 1924 2,390 
Mean---17, 785 
c v.--o. 150 c.s.adr-:t,365 
C.S,graph!c--1.60 
Ratio to 
Mean 
2.97 
2.16 
1.89 
1.27 
1.27 
1.26 
1.23 
1.14 
1.10 
1.02 
0. 98 
0.78 
0.47 
0.34 
0.29 
0.28 
0.23 
0.18 
0.13 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
l Partial Duration Curve) 
Date of Flood Discharire 
c.f.s. Ratio to 
Mean 
March 11, 1935 52,900 2.23 
May 14, 1933 38,500 1.63 
April 15, 1927 33,600 1.42 
April 16, 1933 30,200 1.27 
June 1, 1927 29, 200 1.23 
Dec. 14, 1927 22,600 0.96 
Feb. 18, 1938 22,600 0.96 
Jan. 15, 1937 22,400 0.95 
May 13, 1929 21,900 0.92 
June 13, 1928 20,600 0.87 
Nov. 19, 1921 20,300 0.86 
April 17, 1939 19,500 0.82 
March 16, 1923 18,600 0.79 
May 16, 1923 18,100 0.76 
March 31, 1922 17,800 0.75 
Jan. 14, 1930 17,500 0.74 
Jan. 25, 1929 15,700 0.66 
Nov. 8, 1925 13,800 0.58 
April 10, 1929 13 800 0,58 
Mean---23,663 
C.V.--0.407 C.S.adf-2.320 
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TABLE 17 
DISCHARGE DATA, BOURBEUSE RIVER AT UNION 
Drainage Area, 767 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods All Maximum One-Day Floods 
( Probability Curve) Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharge Date of Flood Discharge 
c.f.s. Ratio to c.f.s. Ratio to 
Mean Mean 
June 13, 1938 24,800 2.04 June 13, 1938 24,800 1.80 
April 2, 1927 17,700 1.47 April 2, 1927 17,700 1.29 
May 16, 1933 16,600 1.38 May 16, 1933 16,600 1.21 
April 7, 1928 15,400 1.28 April 7, 1928 15,400 1.12 
June 23, 1935 14,200 1.18 June 23, 1935 14,200 1.03 
April 2, 1922 14,100 1.17 April 2, 1922 14,100 1.02 
May 31, 1924 13,500 1.12 May 31, 1924 13,500 0.98 
June 11, 1937 12,900 1.07 March 13, 1935 13,200 0.96 
Sept. 16, 1934 12,600 1.04 June 11, 1937 12,900 0.94 
Jan. 16, 1930 12,500 1.03 Sept. 16, 1934 12,600 0.92 
March 18, 1929 12,200 1.01 Jan. 16, 1930 12,500 0.91 
April 19, 1939 11,600 0. 96 March 21, 1927 12,300 0.89 
Dec. 21 , 1924 10,400 0.86 March 18, 1929 12, 200 0.89 
Nov. 10, 1925 9,580 0.79 May 4, 1937 12,000 0.87 
March 17, 1923 8,280 .. 0.68 Feb. 20, 1938 12,000 0.87 
Jan. 2, 1932 7,580 0.63 Dec. 15, 1923 11,900 0;86 
April 1, 1936 6,180 0.51 Dec. 2, 1927 11,600 0.84 
May 21, 1931 5,850 0.48 April 19, 1939 11,400 0.83 
Feb. 29 1940 3 280 0.27 Tune 30 1928 10 ~00 0 79 
Mean---12,066 Mean---13, 779 
C.V.--0.405 C.S.adr-0.704 C.V.--0.235 C.S.adi--3.16 
TABLE 18 
DISCHARGE DATA, CASTOR RIVER AT ZALMA 
Drainage Area 395 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharge 
c.f.s. 
Jan. 15, 1937 24,800 
March 12, 1935 20,800 
Dec. 14, 1927 17,000 
Feb. 19, 1938 13,300 
April 15, 1927 11,800 
April 17, 1939 10,600 
April 16, 1933 10,200 
Jan. 14, 1930 9,700 
Nov. 20, 1921 8,100 
Feb. 2, 1923 7,980 
April 20, 1940 7,410 
June 14, 1929 7,250 
Feb. 26, 1926 5,860 
Jan. 17, 1932 5,420 
March 8, 1931 3,800 
May 30, 1924 3,160 
June 14, 1925 2,670 
March 27, 1934 2,560 
Nov. 12 1935 1 610 
Mean---9,155 
C.V.--0.685 C.S.adr-1.473 
c.s.graphic--1.600 
Ratio to 
Mean 
2.71 
2.27 
1.86 
1.45 
1.29 
1.16 
1.11 
1.06 
0.88 
0.87 
0.81 
0. 79 
0.64 
0.59 
0.41 
0.34 
0.29 
0.28 
0.18 
All Maximum One-Day Floods 
Regardless of Time of Oc.currence 
( Partial Duration Curve) 
Date of Flood Discharge 
c.f.s . Ratio to 
Mean 
Jan. 15, 1937 24,800 2.19 
March 12, 1935 20,800 1.84 
Dec. 14, 1927 17,000 1.50 
Feb. 19, 1938 13,300 1.18 
June 21, 1928 13,000 1.15 
April 15, 1927 11,800 1.04 
April 16, 1933 10,600 0.94 
April 17, 1939 10,600 0.94 
May 14, 1933 9,940 0.88 
June 2, 1927 9,720 0.86 
Jan. 14, 1930 9,720 0.86 
March 6, 1939 9,260 0.82 
Nov. 20, 1921 8,100 0.72 
Jan. 23, 1933 8,040 0.71 
Feb. 2, 1923 7,980 0.71 
Jan. 14, 1930 7,900 0.70 
April 1, 1922 7,680 0.68 
June 14, 1929 7,250 0.64 
Mav 17 1923 7 200 0 64 
Mean---11,300 
C.V.--0.423 C.S.adr-2.31 
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TABLE 19 
DISCHARGE DATA, CURRENT RIVER AT DONIPHAN 
Drainage Area, 2,030 sq. mi. 22 Years of Record 
Maximum Annual One-Day Floods All Maximum One-Day Floods 
( Probability Curve) Regardless of Time of Occurrence 
( Partial Duration <'urve) 
Date of Flood Discharge Date of Flood Discharge 
c.f.s. Ratio to c.f.s. Ratio to 
Mean M"on 
March 12, 1935 90,000 3. 73 March 12, 1935 90,000 2.88 
April 15, 1927 48,800 1.86 April 15, 1927 48,800 1.56 
June 14, 1928 43,000 1. 78 June 14, 1928 43,000 1.38 
May 15, 1933 41,300 1. 71 May 15, 1933 41,300 1.32 
April 18, 1939 33,000 1.37 June 3, 1927 40,800 1.31 
Feb. 19, 1938 32,900 1.36 Dec. 15, 1927 35,000 1.12 
Feb. 3, 1923 29,600 1.22 April 17, 1933 33,800 1.08 
Jan. 15, 1937 28,700 1.19 April 18, 1939 33,000 1.06 
Jan. 15, 1930 25,500 1.06 Feb. 19, 1938 32,900 1.06 
May 14, 1929 23,700 0.98 Feb. 3, 1923 29,600 0. 95 
April 1, 1922 22,000 0.91 Jan. 15, 1937 28,700 o. 92 
June 5, 1919 19,400 0.80. Jan. 15, 1930 25,500 0.8~ 
March 27, 1920 19,400 0.80 May 14, 1929 23,700 0. 76 
April 20, 1940 11,900 0.45 April 1, 1922 22,000 0. 70 
Oct. 18, 1925 10,300 0.42 Nov. 21, 1921 21,000 0.67 
March 9, 1931 8,700 0.36 March 17, 1923 20,800 0.67 
May 31, 1924 8,300 0.34 May 17, 1923 20,300 0. 65 
Jan. 24, 1932 7,920 0.32 April 23, 1928 20,000 0.64 
Sept. 25, 1921 7,000 0.29 June 5, 1919 19,400 0.62 
Nov. 11, 1935 6,650 0.27 March 27, 1920 19,400 0.62 
June 13, 1925 6,540 0.27 March 26, 1921 18,800 0.60 
Seot. 16 1934 6 070 0.25 Mav 4 1937 18 800 0 60 
Mean---24, 120 Mean---31,209 
C.V.--0.809 C.S.adr-2.40 C.V.--0.520 C.S.adr-3.24 
TABLE 20 
DISCHARGE DATA, CURR.ENT RIVER NEAR EMINENCE 
Drainage Area 1,230 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Dischar11:e 
c .f.s . Ratio to 
Mean 
March 11, 1935 47,700 2.42 
June 13, 1928 46,100 2.34 
June 2, 1927 37,400 1.90 
Jan. 14, 1930 36,600 1.85 
April 17, 1939 28,800 1.46 
Nov. 18, 1921 25,800 1.30 
Feb. 18, 1938 25,400 1.29 
Feb. 2, 1923 22,100 1.12 
May 13, 1929 21,200 1.07 
Jan. 15, .1937 15,800 IJ.80 
Jan. 14, 1930 13,600 0.68 
Oct. 1 7, 1925 10,700 0.54 
April 28, 1935 7,460 0.37 
April 20, 1940 7,010 0.35 
June 21, 1924 6,920 0.35 
March 8, 1931 6,250 0.31 
Nov. 10, 1935 6,250 0.31 
Jan. 23, 1932 4,850 0.24 
Seot. 15 1934 4 670 0.23 
Mean---19, 720 
C. V.--0. 723 C.S.adr-0,926 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Dischar11:e 
c.f.s. 
March 11, 1935 47,700 
June 13, 1928 46,100 
June 2, 1927 37,400 
May 14, 1933 36,600 
Ap.ril 15, 1927 30,700 
April 17, 1939 28,800 
Dec. 14, 1927 28,000 
Nov. 19, 1921 25,800 
Feb. 18, 1938 25,400 
April 16, 1933 23,900 
Feb. 2, 1923 22,100 
March 16, 1923 21,500 
May 16, 1923 21,200 
May 13, 1929 21,200 
March 31, 1922 19,800 
Jan. 15, 1937 15,800 
June 3, 1935 15,700 
May 3, 1937 14,400 
Tan. 25 1929 13 600 
Mean--- 26,090 
C.V.--0.380 C.S.adr-1.168 
C.S.graphlc--1. 70 
Ratio to 
Mean 
1.83 
1. 76 
1.43 
1.40 
1.18 
1.10 
1.07 
0.99 
0.97 
0.92 
0.85 
0.82 
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0.81 
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0,60 
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0.52 
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TABLE 21 
DISCHARGE DATA, CURRENT RIVER AT VAN BUREN 
Drainage Area, 1,640 sq. mi. 28 Years of Record 
Maximum Annual One-Day Floods 
(Probability Curve) 
Date of Flood Discharge 
c.f.s. 
Jan. 31, 1916 85,000 
Aug. 21, 1915 76,800 
March 12, 1935 63,000 
June 10, 1928 40,600 
April 29, 1914 36,000 
June 2, 1927 34,500 
April 16, 1933 33,000 
May 12, 1918 29,000 
Feb. 19, 1938 28,000 
April 18, 1939 27,800 
March 26, 1920 22,900 
April 28, 1921 22,200 
Jan. 15, 1937 22,000 
Feb. 2, 1923 21,400 
May 14, 1929 19,200 
Jan. 15, 1930 18,800 
April 1, 1922 17,000 
June 4, 1919 16,000 
April 8, 1917 11,800 
March 26, 1913 11,500 
March 8, 1931 9,800 
April 20, 1940 9,730 
May 30, 1924 8,120 
Nov. 8, 1925 8,120 
Jan. 23, 1932 7,320 
Nov. 11, 1935 5,680 
April 29, 1925 5,400 
Sent. 15 1934 4 180 
Mean--- 24,816 
c.v.--0.827 c.s.adj--2.07 
c.s.graphic--2.30 
Ratio to 
Mean 
3.42 
3.09 
2.53 
1.63 
1.45 
1.39 
1.33 
1.17 
1.13 
1.12 
0.92 
0.89 
0.88 
0.86 
0.77 
0.75 
0.68 
0.64 
0.47 
0.46 
0.3 9 
0.39 
0.32 
0.32 
0.29 
0.22 
0. 21 
0.16 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
t n° -+< o 1 nnro" 0 - f'urve) 
Date of Flood Discharge 
c.f.s. 
Jan. 31, 1916 85,000 
Aug. 21, 1915 76,800 
March 12, 1935 63,000 
June 10, 1928 40,600 
June 2, 1927 34,500 
April 15, 1927 34,000 
April 16, 1933 33,000 
May 14, 1933 31,000 
May 12, 1918 29,000 
Dec. 14, 1927 28,700 
Feb. 19, 1938 28,000 
April 18, 1939 27,800 
May 28, 1915 26,600 
April 1, 1927 23,600 
March 26, 1919 22,900 
March 26, 1920 22,900 
April 28, 1921 22,200 
Jan. 15, 1937 22,000 
Feb. 2, 1923 21,400 
May 3, 1937 20,500 
May 24, 1938 20,000 
May 14, 1929 19,200 
Jan. 15, 1930 18,800 
April 1, 1922 17,000 
Nov. 20, 1921 16,400 
June 4, 1919 16,000 
March 16, 1923 15,800 
March 25 1921 15 700 
Mean--- 29,728 
c.v.--0.585 c.s.adJ--2.74 
C.S.graphic--3.00 
TABLE 22 
Ratio to 
Mean 
2.85 
2.58 
2.12 
1.36 
1.16 
1.14 
1.11 
1.04 
0.98 
0.97 
0.94 
0.93 
0.89 
0.79 
0.77 
0.77 
0.75 
0. 75 
0.72 
0.69 
0.67 
0.65 
0.63 
0.57 
0.55 
0.54 
0.53 
0 53 
DISCHARGE DATA, ELEVEN POINT RIVER NEAR BARDLEY 
Drainage Area, 690 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharge 
c.f.s. 
April 14, 1927 26,800 
Dec. 14, 1927 24,800 
March 12; 1935 16,700 
April 17, 1939 15,100 
Jan. 14, 1937 13,900 
March 16, 1923 9,150 
April 16, 1933 8,000 
Feb. 18, 1938 7,020 
Jan. 25, 1929 7,000 
March 31, 1922 5,800 
Jan. 14, 1930 5,560 
April 12, 1940 4,330 
June 13, 1925 3,690 
Nov. 8, 1925 2,490 
March 8, 1931 2,020 
Aug. 10, 1924 1,550 
Jan. 24, 1932 1,280 
Sept. 15, 1934 970 
Dec. 8 1935 900 
Mean---8,267 
C.V.--0.945 C.S.aar-1.583 
C.S.graphic--2.30 
Ratio to 
Uoan 
3.24 
3.00 
2.02 
1.83 
1.68 
1.10 
0.97 
0.85 
0.85 
0.70 
0.67 
0.52 
0.45 
0.30 
0.24 
0.19 
0.15 
0. 11 
0.11 
All Maximum One-Day Floods 
Regardless of Time of Occurrence ,- - rn~uo\ 
Date of Flood Dischar<'e 
c.f.s. 
April 14, 1927 26,800 
Dec. 14, 1927 24,600 
March 12, 1935 16,700 
June 13, 1928 15,400 
April 17, 1939 15,100 
Jan. 14, 1938 13,900 
April 6, 1928 11,200 
March 16, 1923 9,150 
April 16, 1933 8,000 
April 21, 1928 7,280 
Feb. 18, 1938 7,020 
Jan. 25, 1929 7,000 
June 1, 1927 6,860 
June 3, 1935 6,580 
March 29, 1938 6,290 
March 31, 1922 5,820 
March 5, 1939 5,710 
May 6, 1927 5,560 
Tan. 13 1930 5 560 
Mean---10, 764 
C.V.--0.597 C.S.adr-1.91 
C.S.graphic--2.80 
Ratio to 
Mean 
2.49 
2.29 
1.55 
1.43 
1.40 
1.29 
1.04 
0.85 
0.74 
0.68 
0.65 
0.65 
0.64 
0.61 
0.58 
0.54 
0.53 
0.52 
0.52 
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TABLE 23 
DISCHARGE DATA, JACKS FORK RIVER AT EMINENCE 
Drainage Area, 376 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods All Maximum One-Day Floods 
( Probability Curve) Regardless of Time of Occurrence 
/Do~«ol T\n- - •Snn ,--,,.~•"' 
Date of Flood Dischar"e Date of Flood Dischar"e 
c.f.s . Ratio to c.f.s. Ratio to 
March 11, 1935 21,600 
June 13, 1928 18,200 
May 14, 1933 15,600 
Feb. 1, 1923 10,900 
Feb. 18, 1938 10,400 
April 17, 1939 10,300 
April 19, 1927 10,100 
June 13, 1929 6,520 
Jan. 15, 1937 6,060 
Nov. 19, 1921 5,940 
Jan. 14, 1930 5,820 
Oct. 17, 1925 4,270 
April 28, 1925 4,110 
April 12, 1940 2,840 
Oct. 8, 1930 2,740 
Jan. 18, 1932 2,610 
June 21, 1924 2,610 
Nov. 10, 1935 1,770 
Sent 15 1934 1 120 
Mean---7,553 
c.v.--0. 770 c.s.adr-1.447 
C.S.graphic2,00 
Mean 
2.86 
2.40 
2.06 
1.44 
1.38 
1.37 
1.34 
0.86 
0.80 
0.79 
0.77 
0.56 
0.54 
0.38 
0.36 
0. 34 
0.34 
0. 23 
0 15 
March 11, 1935 21,600 
June 3, 1928 18,200 
May 15, 1933 15,600 
Feb. 1, 1923 10,900 
Feb. 18, 1938 10,400 
Dec. 14, 1927 10,300 
April 17, 1939 10,300 
April 19, 1927 10,100 
June 3, 1935 9,700 
June 2, 1927 8,970 
May 23, 1938 7,570 
April 16, 1933 7, 330 
March 16, 1923 6,600 
June 13, 1929 6,520 
May 16, 1923 6,430 
Jan. 15, 1937 6,060 
Jan. 25, 1929 5,980 
May 16, 1923 5,940 
4nril A 1928 5 920 
Mean---9, 706 
c.v.--0.451 c .s.adr-2,22 
c.s.graphlc-- 2.80 
TABLE 24 
Mean 
2.22 
1.87 
1.61 
1.12 
1.07 
1.06 
1.06 
1.04 
1.00 
0.92 
0. 78 
0.75 
0.68 
0.67 
0.66 
0.62 
0.62 
0.61 
0.61 
DISCHARGE DATA, JAMES RIVER AT GALENA 
Drainage Area, 1,000 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Dis charge 
c.f.s . Ratio to 
Mean 
March 12, 1935 42,000 2. 79 
April 15, 1927 39,100 2.60 
May 14, 1933 30,700 2.05 
Jun,:, 10, 1928 24,000 1.60 
April 9, 1929 15,600 1.04 
Dec. 19, i924 14,600 0.97 
Jan. 15, 1937 14,000 0. 93 
Feb. 18, 1938 13,900 0.92 
Aug. 6, 1931 13,100 0.87 
Aug. 12, 1924 11,600 0.77 
April 2, 1940 10,300- 0.69 
Jan. 14, 1930 9,400 0.63 
June 28, 1932 8,600 0.57 
Feb. 20, 1930 8,580 0.57 
Mo.rch 12, 1923 8, 140 0,54 
Sept. 28, 1936 7,750 0.52 
April 1, 1922 6,850 0.46 
Sept. 30, 1926 5,140 0.34 
Aeril 6, 1934 2,040 0.14 
Mean---15,021 
C.V.--0. 739 C.S.adr -1. 925 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Dis char!!e 
c.f. s . 
March 12, 1935 42,000 
April 15, 1927 39,100 
May 13, 1932 30,700 
June 10, 1928 24,000 
April 6, 1928 21,700 
June 18, 1935 17,900 
Aug. 9, 1937 17,200 
Dec. 24 , 1932 16,200 
April 9, 1929 15,600 
Dec. 19, 1924 14,600 
Jan. 15, 1937 14,000 
Feb. 18, 1938 13, 900 
Aug. 6, 1931 13,100 
April 16, 1933 12, 300 
Aug. 12, 1924 11,600 
Nov. 15, 1927 11,600 
May 13, 1929 11,600 
Dec. 14, 1927 10,800 
Tune 15 1937 10 700 
Mean---18, 347 
C.V. --0.508 C.S.adr-2 ,14 
C .S.graphic- -2. 60 
Ratio to 
Mean 
2.28 
2.13 
1.32 
1.31 
1.18 
0.98 
0.94 
0.88 
0.85 
0,80 
0.76 
0.76 
0.71 
0.67 
0.63 
0.63 
0.63 
0.59 
0.58 
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TABLE 25 
DISCHARGE DATA, MERAMEC RIVER NEAR EUREKA 
Drainage Area, 3,800 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods I ( Probability Curve) 
Date of Flood Dis charire 
c.f.s. Ratio to 
Mean 
April 3, 1927 63,400 1.87 
May17, 1933 62, 300 1.84 
March 14, 193 5 60,600 1. 79 
April 19, 1939 59,800 1. 76 
June 12, 19~8 44,300 1.30 
Jan. 16, 1930 42,200 1.25 
April 8, 1928 39,300 1.16 
April 19, 1922 38,400 1.13 
May 5, 1937 34,500 1.02 
May 15, 1929 32,700 0,96 
May 31, 1924 30,600 0,90 
Sept. 18, 1934 26,000 0.77 
Nov. 10, 1925 24,400 0.72 
March 17, 1923 24,200 0,71 
Nov. 12, 1935 17,000 0,50 
Dec, 20, 1924 16,100 0.47 
April 1940 12,800 0,38 
Jan. 3, 1932 9,230 0.27 
Mav 22 1931 6 420 0.19 
Mean---33,910 
C.V.--0.538 C.S,adj--0.382 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharge 
c.f.s. 
April 3, 1927 63,400 
May 17, 1933 62,300 
March 14, 1935 60,600 
April 19, 1939 59,800 
June 24, 1935 47,500 
June 12, 1938 44,300 
Feb. 20, 1938 43,100 
Jan. 16, 1930 42, 200 
April 8, 1928 39,300 
April 19, 1922 38,400 
May 25, 1938 38 , 200 
June 4, 1927 37,400 
April 18, 1933 36,300 
May 5, 1937 34,500 
May 27, 1927 33,400 
June 21, 1928 33,200 
May 15, 1~29 32, 700 
May 31, 1924 30,600 
Anril 1 1938 28 900 
Mean---42,426 
C.V.- - 0.265 C.S,adr-1.321 
C,S·graphic--1.80 
TABLE 26 
Ratio to 
Mean 
1.50 
1.47 
1.43 
1.41 
1.12 
1.04 
1.02 
1.00 
0. 93 
0, 91 
0.90 
0.88 
0.86 
0,81 
0. 79 
0.78 
0.77 
0.72 
0,68 
DISCHARGE DATA, MERAMEC RIVER NEAR STEELVILLE 
Drainage Area, 830 sq. mi. 18 Yea r s of Record 
Maximum Annual One-Day Floods 
(Probability Curve) 
Date of Flood Dis charl!e 
c.f.s . 
April 1, 1927 27,800 
June 10, 1928 27,100 
March 12, 1935 26,300 
May 14, 1933 21,700 
April 17, 1939 19,600 
May 7, 1929 17,600 
Jan. 15, 1930 16,400 
May 24, 1938 13 ,400 
May 3, 1927 13,200 
Sept. 14, 1934 12,300 
May 28, 1924 11,200 
June 16, 1923 9,720 
Dec, 19, 1924 9,120 
Nov. 8, 1925 6,830 
Nov. 11, 1935 5,370 
April 18, 1940 4,840 
Jan. 23, 1932 2,240 
Tune 10, 1931 1 830 
Mean---13, 700 
c.v.--0.607 c .s.adr - o.454 
C.S,graphlc--0,800 
Ratio to 
Mean 
2.03 
1.98 
1.92 
1.59 
1.43 
1.28 
1.20 
0.98 
0. 96 
0.90 
0.82 
0.71 
0.66 
0.50 
0.39 
0.35 
0.16 
0,13 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve l 
Date of Flood Discharge 
c .f. s. 
April 1, 1927 27, 800 
June 10, 1928 27,100 
June 2, 1927 26,400 
March 12, 1935 26,300 
June 27, 1935 24, 000 
May 14, 1933 21,700 
April 17, 1939 19,600 
May 7, 1929 17,600 
Jan. 15, 1930 16,400 
April 6, 1928 15,900 
Feb. 26, 1930 15,300 
May 24, 1938 13,400 
May 3, 1937 13, 200 
April 16, 1933 12,400 
Sept. 14, 1934 12, 300 
Feb. 19, 1938 11, 700 
May 29, 1924 11,200 
Auu, 12 1924 10 700 
Mean---17, 950 
C.V.--0.399 C.S.adr-0,661 
C.S.graphic--1.50 
Ratio to 
Mean 
1.55 
1.51 
1.47 
1.46 
1.34 
1.21 
1.09 
0. 98 
0.91 
0.89 
0.85 
0.75 
0. 73 
0,69 
0.68 
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0,60 
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TABLE 27 
DISCHARGE DATA, MERAMEC RIVER NEAR SULLIVAN 
Drainage Area, 1,550 sq . mi. 12 Years of Record 
Maximum Annual One-Day Floods All Maximum One-Day Floods 
( Probability Curve) Regardless of Time of Occurrence 
1 Partial Duration "·-•·-' 
Date of Flood Discharue Date of Flood Dis charue 
c .f.s. Ratio to c .f. s . Ratio to 
Mean Mean 
June 2, 1927 27, 500 1.87 June 2, 1927 27,500 1.37 
May 14, 1933 24,300 1.66 April 2, 1927 36,300 1.31 
June 10, 1928 20,300 1.38 May 14, 1933 24,300 1.21 
May 7, 1929 18,600 1.27 May 25, 1927 22, 900 1.14 
Jan. 14, 1930 18,000 1.23 June 1 O, 1928 20,300 1.01 
April 18, 1922 13,800 0.94 April 6, 1928 19,200 0. 96 
Dec. 20, 1924 13,400 0. 91 May 7, 1929 18,600 0. 93 
May 29, 1924 13,100 0.89 May 16, 1933 18, 200 0.91 
Nov. 8, 1925 11,600 0. 79 April 15, 1927 18, 000 0.90 
March 16, 1923 10,100 0.69 Jan. 14, 1930 18,000 0.90 
Jan. 23, 1932 3,060 0.21 April 10, 1929 13,600 0.68 
Anril 27 1931 2 240 0 15 non 1" 1nM 13 500 0 fl7 
____ _:c_M:.:e_a.:ccn_--_-_1_4,._,6_6_3 _______ _ _ ---'M=--ean---20,033 
C. V.--0.520 C.S.adj- - 0. 980 C. V.--0. 228 C.S.adr-0. 226 
c.s.graphlc- - 1.00 
TABLE 28 
DISCHARGE DATA, NORTH FORK RIVER AT TECUMSEH 
Drainage Area; 1,180 s q. mi. 19 Years of Record 
Maximum Annua l One-Day Floods 
( Probability Curve) 
Date of Flood Discharire 
c.f.s . 
March 11, 1935 38, 500 
April 14, 1927 35,800 
June 13, 1928 33,400 
June 11, 1922 31,400 
Feb. 1, 1923 26,700 
Feb. 18, 1938 22,800 
May 14, 1933 21,700 
April 17, 1939 16,400 
Jan. 15, 1937 12,000 
April 11, 1940 10,400 
Jan. 14, 1930 9, 920 
Jan. 25, 1929 9, 760 
Dec. 19, 1924 9,620 
March 31, 1922 8,000 
Oct. 17, 1925 5,050 
Feb. 9, 1931 4,400 
Jan. 17 & 23, 1932 4,100 
Sept. 24, 1936 4,100 
March 28 1934 1 850 
Mean---16,100 
C.V.--0. 747 C.S.adr-0.838 
C.S.graphic--1.50 
Ratio to 
Mean 
2.39 
2.22 
2.07 
1.95 
1.66 
1.42 
1.35 
1.02 
0.74 
0.65 
0.62 
0. 61 
0.60 
0.50 
0.31 
0.27 
0.25 
0. 25 
0 11 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Dis charue 
c.f.s. 
March 11, 1935 38, 500 
April 14, 1927 35,800 
June 13, 1928 33,400 
June 11, 1924 31,400 
Feb. 1, 1923 26,700 
Feb. 18, 1938 22,800 
May 14, 1933 21,700 
Dec. 14, 1928 18,600 
April 17, 1939 16,400 
May 23 , 1938 15,500 
June 21, 1927 15,100 
June 3, 1935 13,600 
Jan. 15, 1937 12, 000 
April 21, 1928 11, 500 
June 18, 1935 11,400 
April 6, 1928 11,400 
Nov. 8, 1927 10,900 
Ja!l. 14, 1930 9,920 
Mav 2 1937 9.7fl0 
Mean---19,283 
C.V. --0.475 C.S.adr-1.270 
c.s.graphic--2.10 
Ratio to 
Mean 
2.00 
1.86 
1. 73 
1.63 
1.38 
1.18 
1.12 
0.96 
0.85 
0.80 
0.78 
0.70 
0.62 
0.60 
0.59 
0.59 
0.56 
0.51 
0 50 
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TABLE 29 
DISCHARGE DATA, SHOAL CREEK NEAR JOPLIN 
Drainage Area, 458 sq. mi. 17 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharge 
c.f.s. 
March 12, 1935 12,000 
May 13, 1929 11,400 
June 27, 1932 9,890 
April 15, 1927 9,690 
May 14, 1933 8,570 
Aug. 4, 1928 8,490 
Sept. 10, 1930 7,780 
May 29, 1924 6,550 
Sept. 5, 1926 4,620 
Sept. 10, 1937 3,870 
June 8, 1938 3,500 
Sept. 27, 1936 3,010 
May 13, 1939 2,160 
July 26, 1931 2,020 
Dec. 20, 1924 1,170 
Aug. 18, 1940 986 
Oct. 23 1933 800 
Mean---5,677 
c.v.--0.674 c.s.adj--0.310 
C.S.graphlc--1.00 
Ratio to 
Mean 
2.11 
2.00 
1. 74 
1. 70 
1.51 
1.49 
1.37 
1.15 
0.81 
0.67 
0.62 
0.53 
0;38 
0.36 
0. 21 
0.17 
0 14 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Dischare:e 
c.f.s. 
March 12, 1935 12,000 
May 13, 1929 11,400 
June 27, 1932 9,890 
April 15, 1927 9,690 
June 8, 1935 9,350 
May 14, 1933 8,570 
Aug. 4, 1928 8,490 
June 21, 1928 8,170 
Sept. 10, 1930 7,780 
April 21, 1929 7,460 
July 13, 1924 6,550 
Aug. 12, 1924 6,250 
Dec. 24, 1932 5,940 
Aug. 8, 1927 5,680 
May 29, 1924 4,620 
Sept. 5, 1926 4,330 
, .. -~ ?1 1 Q?7 oon 
Mean---7,647 
c.v.--0.313 c.s.adj--0.168 
C.S.graphic--1.00 
TABLE 30 
Ratio to 
Mean 
1.57 
1.49 
1.29 
1.27 
1.22 
1.12 
1.11 
1.07 
1.02 
0.98 
0.86 
0.82 
0.78 
0.74 
0.60 
0.57 
o ~n 
DISCHARGE DATA, SPRING RIVER NEAR WACO 
Drainage Area, 1,160 sq. mi. 17 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Dischar.,.e 
c.f.s. 
Aug. 17, 1927 47,900 
May 13, 1929 23,200 
June 10, 1928 17,800 
May 29, 1924 17,600 
June 10, 1937 16,300 
March 12, 1935 16,000 
June 28, 1932 15, 900 
Dec. 25, 1933 14,800 
May 31, 1938 14,600 
Sept. 5, 1925 11,700 
May 22, 1939 10,700 
Sept. 28, 1936 10,000 
June 16, 1930 7,050 
Sept. 22, 1925 6,250 
May 20, 1931 6,050 
July 24, 1940 4,860 
Anril 16 1934 ? aoo 
Mean---14,335 
c.v.--0.711 c.s.ad(-3.oo 
c.s.graphlc--2.50 
Ratio to 
Mean 
3.33 
1.62 
1.24 
1.23 
1.13 
1.12 
1.11 
1.03 
1.02 
0.81 
0.75 
0.70 
0.49 
0.44 
0.42 
0.34 
0 21 
All Maximum One - Day Floods 
Regardless of Time of Occurrence 
( Partial Du ation r.urve) 
Date of Flood Discharge 
c.f.s. Ratio to 
Mean 
Aug. 17, 1927 47,900 2.64 
April 1, 1927 25,300 1.39 
May 13, 1929 23,200 1.28 
April 9, 1929 19,400 1.07 
June 10, 1928 17,800 0.98 
May 29, 1924 17,600 0.97 
June 10, 1937 16,300 0.90 
March 12, 1935 16,000 0.88 
June 10, 1924 15,900 0.88 
June 28, 1932 15,900 0.88 
Dec. 25, 1932 14,800 0.82 
June 7, 1935 14,700 0.81 
May 31, 1938 14,600 0.81 
Oct. 2, 1927 12,900 0.71 
Aug. 4, 1926 12,300 0.68 
Nov. 2, 1936 12,300 0.68 
Mav 14 1933 12 200 0.67 
Mean---18,182 
c. v.--0.467 c.s.ad(-3. 962 
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TABLE 31 
DISCHARGE DATA, ST. FRANCIS RIVER AT FISK 
Drainage Area, 1,370 sq. mi. 13 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharge 
c.f.s. 
May 16, 1933 36,000 
March 13, 1935 34,600 
Jan. 16, 1937 29,200 
Jan. 16, 1930 28,500 
Dec. 15, 1927 25,400 
May 16, 1929 17,900 
Feb. 21, 1938 17,100 
April 19, 1939 15,000 
April 22, 1940 9,480 
Jan. 19, 1932 8,600 
March 10, 1931 7,200 
April 9, 1934 5,460 
Nov. 13 1935 2 570 
Mean-c-18,231 
c.v.--0.627 c.s.ad(-0.351 
C.S.graphic--1.00 
Ratio to 
Mean 
1.97 
1.90 
1.60 
l.56 
1.39 
0.98 
0.94 
0.82 
0.52 
0.47 
0.39 
0.30 
0 14 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration rurve) 
Date of Flood I Discharge 
c.f.s. 
May 16, 1933 36,000 
March 13, 1935 34,600 
Jan. 16, 1937 29,200 
Jan. 16, 1930 28,500 
April 18, 1933 27,900 
Dec. 15, 1927 25,400 
June 23, 1928 21,800 
May 16, 1929 17,900 
Feb. 21, 1938 17,100 
April 19, 1939 15,000 
March 8, 1939 13,800 
Jan. 24, 1933 12,900 
no~ ?.7 1 a•• 11 ann 
Mean---22,461 
c.v.--0.381 c.s.ad(-0.158 
c.s.graphic--1.10 
TABLE 32 
Ratio to 
Mean 
1.60 
1.54 
1.30 
1.27 
1.24 
1.13 
0.97 
0.80 
0.76 
0.67 
0.61 
0.57 
n ~• 
DISCHARGE DATA, ST. FRANCIS RIVER NEAR PATTERSON 
Drainage Area, 956 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharge 
c.f.s. 
March 11, 1935 75,500 
May 14, 1933 53,100 
April 1, 1927 50,000 
June 21, 1928 40,800 
Nov. 19, 1921 36,600 
Jan. 15, 1937 36,100 
Feb. 18, 1938 34,700 
March 16, 1923 34,600 
Nov. 8, 1925 31,300 
May 13, 1929 31,100 
Jan. 13, 1930 30,200 
April 17, 1939 29,900 
April 20, 1940 14,800 
Dec. 10, 1923 12,600 
Jan. 17, 1932 11,500 
April 7, 1934 9,200 
March 8, 1931 9,010 
April 18, 1925 6,880 
Nov. 11 1935 5 080 
Mean---29,103 
c.v.--0.634 c.s. d .--o.912 
c.s.graphic--1.l0a J 
Ratio to 
Mean 
2.59 
1.82 
1.72 
1.40 
1.26 
1,.24 
1.19 
1.19 
1.07 
1.07 
1.04 
1.03 
0.51 
0.43 
0.40 
0.32 
0.31 
0.24 
0.17 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharge 
c .f.s. Ratio to 
Mean 
March 11, 1935 75,500 1.99 
May 14, 1933 53,000 1.40 
April 1, 1927 50,000 1.32 
June 21, 1928 40,800 1.08 
Dec. 14, 1927 40,500 1.07 
April 16, 1933 38,500 1.02 
Nov. 19, 1921 36,600 0.97 
Jan. 15, 1937 36,100 0, 95 
Feb. 18, 1938 3·4, 700 0. 92 
March 16, 1923 34,600 0,92 
Feb. 1, 1923 34,000 0. 90 
May 25, 1927 33,000 0.87 
April 6, 1928 33,000 0.87 
Nov. 8, 1925 31,300 0.83 
May 13, 1929 31,100 0.82 
Jan. 25 , 1929 30,500 0.80 
Jan. 13, 1930 30,200 0.80 
April 17, 1939 29,900 0. 79 
Mav 16 1923 25 800 0 .69 
Mean---37,852 
c.v.--0.298 c.s.adf-3.0l 
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TABLE 33 
DISCHARGE DATA, CHARITON RIVER AT ELMER 
Drainage Area, 1,660 sq. mi. 10 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Dischare:e 
c.f.s. 
Nov. 17, 1928 22,500 
April 21, 1937 21,600 
Sept. 21, 1926 18,200 
Oct. 2, 1927 17,200 
July 13, 1922 7,320 
April 27, 1925 7,200 
Nov. 1, 1929 6,200 
March 30, 1924 5,890 
Nov. 14, 1922 5,540 
Sent, 25 1921 5. 200 
Mean- - -11, 68 5 
c.v.--0.620 c.s.adj--0.905 
c.s.graphic--1. 20 
Ratio to 
Mean 
1.93 
1.85 
1.56 
1.47 
0.63 
0.62 
0.53 
0.50 
0.47 
0,45 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharge 
c.f.s. 
Nov. 17, 1928 22,500 
April 21, 1927 21,600 
Sept. 21, 1926 18, 200 
Oct. 2, 1927 17,200 
April 22, 1929 16,200 
June 20, 1928 11,800 
June 4, 1927 9,220 
Sept. 17, 1928 9,220 
June 5, 1929 8·,800 
March 6 1929 7 750 
Mean---14,249 
c.v.--0.390 c.s.adj--0.413 
C.S.graphic--l. 20 
TABLE 34 
Ratio to 
Mean 
1.58 
1.51 
1.28 
1.21 
1.14 
0.83 
0.65 
0.65 
0.62 
0 54 
DISCHARGE DATA, CHARITON RIVER NEAR KEYTESVILLE 
Plotting 
Position 
Percent-
age of 
Time 
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a~ 
Drainage Area, 1,950 s4. mi. 12 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Dischare:e 
c.f.s . Ratio to 
Mean 
April 25, 1929 18,100 1. 75 
June 4, 1935 17,400 1.68 
Aug. 21, 1932 16,900 1.63 
Dec. 25, 1932 12,500 1.20 
March 18, 1939 12,000 1.15 
June 8, 1931 9,500 0.91 
Feb. 27, 1936 9,000 0.87 
Feb. 22, 1932 8,700 0,84 
Nov. 2, 1929 6,800 0.65 
April 11, 1938 5,480 0.53 
April 5, 1934 4,240 0.41 
March 4 1940 3 870 0 37 
Mean---10,374 
C.V.--0.489 C.S.adf-0.521 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Dischar11:e 
c.f. s. 
_April 10, 1929 18,100 
June 3, 1935 17,400 
Nov. 27, 1931 16,900 
Aug. 20, 1932 16,900 
May 30, 1935 14,400 
Dec. 25, 1932 12,500 
March 19, 1939 12,000 
May 1, 1933 11,000 
June 22, 1929 10,000 
June 8, 1931 9,500 
April 20, 1939 9,200 
lune 16 1929 9 100 
Mean--- 13,083 
c .v.--0.267 c.s.adJ--0.354 
c.s.graphic--0. 70u 
Ratio to 
Mean 
1.38 
1.33 
1.29 
1.29 
1.10 
0.96 
0.92 
0.84 
0.76 
0.72 
0.70 
0 69 
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TABLE 35 
DISCHARGE DATA, CHARITON RIVER AT NOVINGER 
Drainage Area, 1,370 sq. mi. 10 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Dis charge 
c.f.s. 
Nov. 24, 1931 15,400 
June 2, 1935 12,600 
March 17, 1939 12,600 
Feb. 21, 1937 6,820 
June 7, 1931 6,660 
Dec. 25, 1932 6,200 
Feb. 26, 1936 4,000 
Aug. 18, 1940 3,450 
Sept. 12, 1934 3,130 
Tune 4 1938 1 660 
Mean---7,252 
c.v. --0.665 c .s .adf-1.085 
C.S.graphic--1.40 
Ratio to 
Mean 
2.22 
1. 74 
1. 74 
0. 94 
0.92 
0.85 
0.55 
0.48 
0.43 
0.23 
All Maximum One-Day Floods 
Regardles s of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Dis charge 
c.f. s . 
Nov. 24, 1931 15,400 
Aug. 17, 1932 13, 700 
June 2, 1935 12,600 
March 17, 1939 12,600 
Jan. 22, 1935 9,860 
April 17, 1939 8,940 
Jan. 7, 1932 7,520 
Feb. 21, 1932 6,820 
June 7, 1931 6,660 
Anrll 21 1931 6 350 
Mean---10, 045 
c.v.--0.311 c .s.adf-0.199 
C.S.graphic-- 1.00 
TABLE 36 
Ratio to 
Mean 
1.53 
1.36 
1.25 
1.25 
0. 98 
0.89 
0.75 
0.68 
0.66 
0.63 
DISCHARGE DATA, GASCONADE RIVER NEAR HAZELGREEN 
I 
Drainage Area 1,250 sq. mi. 12 Years of Record 
Maximum Annual One-Day Floods All Maximum One-Day Floods 
( Probability Curve) Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Dis charge Date of Flood Discharge 
c.f. s . Ratio to c.t. s . Ratio to 
Mean Mean 
March 12, 1935 58,800 3.40 March 12, 1935 58,800 2.70 
May 15, 1933 30,700 1. 78 May 15, 1933 30,700 1.41 
Feb. 19, 1938 20,800 1.21 June 21, 1935 23,400 1.08 
May 3, 1937 18,300 1.06 Feb. 19, 1938 20,800 0. 96 
May 7, 1929 17,100 o. 99 May 3, 1937 18,300 o'.84 
April 18, 193 9 15,500 0. 90 May 7, 1939 17,100 0. 79 
Jan. 15, 1930 15, 000 0.87 April 17, 1933 15,800 0. 73 
June 28, 1932 11,200 0. 65 April 18, 1939 15,500 0.71 
April 13, 1940 7,280 0.42 May 24, 1938 15,400 0.71 
Nov. 11, 1935 5, 600 0.32 May 10, 1920 15, 200 0.70 
April 27, 1931 3,600 0.21 Jan. 15, 1930 15,000 0.69 
March 29 1934 3 010 0.17 Tan 16 1937 u Rnn n RK 
M,ean---17, 241 Mean---21, 733 
c.v.--0.887 c .s .adJ - -2.80 C.V.--0.578 C.S.adr-3 .865 
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TABLE 37 
DISCHARGE DATA, GASCONADE RIVER AT JEROME 
Drainage Area, 2,840 sq. mi. 18 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Dis chare:e 
c.f. s . 
March 13, 1935 73,600 
May 16, 1933 60,300 
June 10, 1928 48,500 
April 2, 1927 43, 100 
Dec. 20, 1924 37,000 
Feb. 19, 1938 35,100 
May 7, 1929 31,300 
Jan. 15, 1930 28, 200 
May 29, 1924 28, 100 
April 18, 1939 26,400 
May 3, 1937 25,700 
Nov. 8, 1925 13,700 
March 17, 1923 13,500 
April 13, 1940 12,900 
Jan. 24 , 1932 10, 900 
Nov. 11, 1935 7,880 
May 20, 1931 7,300 
Sent. 14 1934 5 770 
Mean---28,290 
C.V.--0.672 C.S.adr-1.17 
c .s.graphic--1. 3o 
Ratio to 
Mean 
2.60 
2.13 
1.71 
1.52 
1.32 
1.24 
1.07 
0.99 
0.99 
0.93 
0. 90 
0.48 
0.47 
0.45 
0.38 
0.26 
0.25 
0.20 
All Maximum One-Day Floods 
Regardles s of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Dis chare:e 
c.f.s. 
March 13, 1935 73,600 
May 16, 1933 60,300 
June 10, 1928 48,500 
Jan. 16, 1937 47,900 
April 2, 1927 43,100 
June 1, 1927 40, 200 
April 7, 1928 38,700 
Dec. 20, 1925 37,000 
Feb. 19, 1938 35,100 
Ma y 7, 1929 31,300 
Aug. 16, 1927 29,300 
Jan. 15, 1930 28,200 
May 29, 1924 28,100 
April 17, 1933 27,900 
April 18, 1939 26,400 
May 3, 1937 25,900 
April 21 , 1927 25,700 
Anr!l 24 1928 24 809 
Mean--- 37,333 
c.v. - --0.351 c.s.adi--2,063 
C.S.graphic--3 . 00 
TABLE 38 
Ratio to 
Mean 
1.97 
1.61 
1.30 
1.28 
1.15 
1.07 
1.03 
0. 99 
0.94 
0.84 
0.78 
0.75 
0.75 
0.75 
0.71 
0.69 
0.69 
0.66 
DISCHARGE DATA, G4"SCONADE RIVER NEAR RICH FOUNTAIN 
Plotting 
Pos ition 
Percent-
age of 
Time 
2.8 
8.3 
13. 9 
19.5 
25.0 
30.5 
36.1 
41.6 
47.2 
52.8 
58.2 
63.9 
69.5 
75.0 
80.6 
86. l 
91. 7 
97. 2 
Dra inage Area, 3,180 sq. mi. 19 Ye2.rs of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Dis chare:e 
c .f. s . 
March 14, 1935 80,000 
May 17, 1933 59,800 
June 11, 1928 45,100 
April 3, 1927 40,700 
Feb. 20, 1938 30,800 
Dec. 21, 1924 29,400 
May 8, 1929 27,700 
May 30, 1924 27,300 
April 2, 1922 27,100 
April 19, 1939 26,200 
Ma y 4, 1937 26, 000 
Jan. 16, 1930 25, 200 
Sept. 14, 1934 14,800 
March 17, 1923 14,200 
Nov. 9, 1925 13,100 
March 14, 1940 12,900 
May 19, 1931 11,500 
Jan. 25, 1932 11,300 
Nov. 12 1935 7 100 
Mean- - -27, 900 
c.v.--0.652 c .s a di --2.00 
c .s .graphic--2.50 
Ratio to 
Mean 
2.86 
2.14 
1.61 
1.46 
1.10 
1.05 
1.00 
0. 97 
0. 97 
0.94 
0. 93 
0.90 
0.53 
0.50 
0.47 
0.46 
0.41 
0.40 
0.25 
All Maximum One-Day Floods Plotting 
Regardles s of Time of Occurrence Pos ition 
( Partial Duration Curve) Percent-
Date of Flood Discharge age of 
c.f. s . Ratio to Time 
Mean 
March 14, 1925 80,000 2.29 2.6 
May 17, 1933 59,800 1.71 7.9 
June 11, 1928 45,100 1.29 13.2 
June 22, 1935 42, 200 1.21 18.4 
April 3, 1927 40,700 1.16 23.7 
June 3, 1927 38,000 1.09 29.0 
April 8, 1928 35,600 1.02 34.2 
Feb. 20, 1938 30,800 0.88 39.5 
June 21, 1924 29,400 0.84 44.8 
Aug. 17, 1927 28,700 0.82 50.0 
May 8, 1929 27,700 0. 79 55.3 
April l8, 1933 27,400 0.78 60.6 
May 30, 1924 27,300 0.78 65.8 
April 2, 1922 27,100 0.77 71.1 
April 19, 1939 26,200 0.75 76.4 
May 4, 1937 26,000 0.74 81.6 
Jan. 16, 1930 25,200 0.72 86.8 
May 26, 1938 23,800 0.71 92.1 
Aoril 11 1929 23 300 070 97 4 
Mean---34, 963 
c .v.--0.407 c .s .ad(-2.858 
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TABLE 39 
DISCHARGE DATA, GASCONADE RIVER NEAR WAYNESVILLE 
Drainage Area, 1,680 sq. mi. 19 Years· of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharge 
c.f.s. 
March 13, 1935 51,400 
May 15, 1933 39,500 
June 10, 1928 26,100 
Dec. 20, 1924 25,900 
April 2, 1927 25,100 
Feb. 20, 1938 22,200 
May 7, 1929 20,000 
May 4, 1937 19,400 
June 29, 1932 18,100 
Ma.rch 31, 1922 17,300 
May 29, 1924 16,900 
Jan. 15, 1930 16,400 
April 19, 1939 16,300 
Nov. 9, 1925 10,300 
March 13, 1940 9,030 
March 17, 1923 7,780 
Nov. 12, 1935 5,890 
April 28, 1931 4,700 
Aoril 18 1934 3 940 
Mean---18, 749 
C.V.--0.635 C.S.adf-1.602 
c .s .graphic- -1.80 
Ratio to 
Mean 
2.74 
2.11 
1.40 
1.38 
1.34 
1.18 
1.07 
1.03 
0.96 
0.92 
0.90 
0,87 
0.87 
0.55 
0.48 
0.41 
0.31 
0.25 
0.21 
All Maximum One-Day Floods 
Regardless of ·Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharge 
c.f.s. Ratio to 
Mean 
March 13, 1935 51,400 2.20 
May 15, 1933 39,500 1.69 
June 10, 1928 26,100 1.12 
Dec. 20, 1924 25,900 1.11 
April 2, 1927 25, 100 1.08 
June 22, 1935 24,600 1.05 
April 7, 1928 24,100 1.03 
Feb. 20, 1938 22,200 0. 95 
June 1, 1927 22,100 0.95 
Aug. 19, 1927 20,700 0.89 
May 7, 1929 20,000 0.86 
May 4, 1937 19,400 0.83 
April 17, 1933 18,600 0.80 
June 29, 1932 18,100 0.78 
April 23, 1928 17,700 0.76 
March 31, 1922 17,300 0.74 
April 10, 1929 17,200 0.74 
May 29, 1924 16,900 0.72 
Mav 2fi 1938 16 700 0.71 
Mean---23,347 
c.v.--0.370 c.s.adi-3.050 
TABLE 40 
DISCHARGE DATA, GRAND RIVER NEAR GALLATIN 
Drainage Area, 2, 250 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharge 
c.f.s . 
June 2, 1929 51,400 
Sept. 18, 1926 49,600 
June 4, 1935 39,300 
Oct. 6, 1926 36,600 
July 12, 1922 33,900 
Nov. 20, 1931 31,600 
July 24, 1928 31,600 
June 27, 1924 22,200 
June 4, 1925 20,400 
Nov. 15, 1922 19,000 
June 22, 1939 17,200 
Aug. 22, 1933 16,000 
Feb. 26, 1936 16,000 
March 5, 1937 15, 200 
Sept. 26, 1931 12,300 
May 9, 1940 7,010 
June 6, 1930 6,800 
April 5, 1934 6,080 
Tune 2 1938 3 550 
Mean- - -22, 933 
C. V --0.630 C.S.adf-0. 760 
C.S.graphic-- 1.20 
Ratio to 
Mean 
2.24 
2. 16 
1.71 
1.60 
1.48 
1.38 
1.38 
0. 97 
0.89 
0.83 
0.75 
0.70 
0.70 
0.66 
0.54 
0.31 
0.30 
0.26 
0. 15 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharge 
c.f.s. 
June 2, 1929 51,400 
Sept. 18, 1926 49,600 
Nov. 11, 1928 47,800 
June 4, 1935 39,300 
July 8, 1929 37, 100 
Oct. 6, 1926 36,600 
April 22, 1929 34,600 
July 12, 1922 33,900 
July 24, 1928 31,600 
Nov. 25 , 1931 31 ,600 
April 21 , 1927 25,800 
Nov. 4, 1928 24,500 
Jan. 2, 1932 23,000 
June 27, 1924 22, 200 
June 4, 1926 20,400 
Nov. 15, 1922 19,000 
June 19, 1928 18,800 
Oct. 6, 1926 18,000 
Tune 4 1927 17 600 
Mean---30,674 
C.V. --0.357 C.S:adf-0.696 
c .s.graphic--1.40 
Ratio to 
Mean 
1.67 
1.62 
1.55 
1.28 
1.21 
1.19 
1.13 
1.10 
1.03 
1.03 
0.84 
0.80 
0.75 
0.72 
0.67 
0.62 
0.61 
0.59 
0 57 
Plotting 
Position 
Percent-
age of 
Time 
2.6 
7. 9 
13.2 
18.4 
23 .7 
29.0 
34.2 
39.5 
44.8 
50.0 
55.3 
60.6 
65.8 
71.1 
76.4 
81.6 
86.8 
92.1 
97.4 
Plotting 
Position 
Percent-
age of 
Time 
2.6 
7. 9 
13.2 
18 .4 
23. 7 
29.0 
34.2 
39.5 
44.8 
50.0 
55.3 
60.6 
65.8 
71.1 
76.4 
81.6 
86.8 
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TABLE 41 
DISCHARGE DATA, GRAND RIVER NEAR SUMNER 
Drainage Area, 6,880 sq. mi. 17 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharge 
c.f.s. Ratio to 
Mean 
June 5, 1929 107,000 2.40 
Nov. 26, 1931 83,300 1.99 
June 4, 1935 72,000 1. 73 
Sept. 21, 1926 56,400 1.35 
April 22, 1927 47,800 1.15 
Sept. 1 7, 1928 46,900 1.13 
June 23, 1939 43,000 1.03 
Feb. 28, 1936 41,000 0.98 
March 6, 1937 36,200 0.87 
July 1, 1924 36,000 0.87 
April 22, 1931 35,600 I 0.85 
April 27, 1925 33,000 0.79 
Dec. 26, 1932 22,500 0.54 
Feb. 10, 1_930 17,800 0.43 
May 9, 1940 16,400 0.39 
June 2, 1938 7,170 0.17 
Aorll 6 1934 6 520 0 16 
Mean---41,681 
C. V.--0.615 C.S.adr-0, 990 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharge 
c.f.s. 
June 5, 1929 107,000 
Nov. 20, 1928 103,000 
April 23, 1929 85,900 
Nov. 26, 1931 83,300 
June 4, 1935 72,000 
Sept. 21, 1926 56,400 
Jan. 4, 1932 52,900 
April 22, 1927 47,800 
Sept. 17, 1928 46,900 
March 2, 1929 46,700 
June 23, 1939 43,000 
Feb. 28, 1936 41,000 
June 21, 1928 39,100 
March 6, 1927 36,200 
July 1, 1924 36,000 
March 15, 1939 35,700 
Anril 22 lQ~l <>nn 
Mean---56, 970 
C.V.--0.420 C.S.adf-1.468 
C.S.graphic--2.00 
TABLE 42 
Ratio to 
Mean 
1.87 
1.81 
1.51 
1.46 
1.26 
0.99 
0.93 
0.84 
0.82 
0.82 
o. 76 
0.72 
0.69 
0.64 
0.63 
0.63 
n <>O 
DISCHARGE DATA, LAMINE RIVER AT CLIFTON CITY 
Drainage Area, 598 sq. mi. 18 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharge 
c .f.s. 
April 16, 1939 28,300 
April 1, 1927 23,200 
March 13, 1929 21,700 
June 27, 1935 18,600 
Dec. 25, 1932 16,400 
May 23, 1937 16,200 
May 24, 1938 13,600 
Sept. 29, 1936 12,500 
Sept. 1 O, 1926 10,200 
March 19, 1925 9,000 
Nov. 23, 1932 8,700 
July 4, 1923 7,800 
Sept. 25, 1931 7,120 
Oct. 3, 1928 7,050 
June 25, 1924 6,910 
Feb. 7, 1930 5,780 
Sept. 29, 1934 4,790 
Tune 12 1940 3 480 
Mean- - -12, 296 
c .v.--0.575 c.s.ad(-1.128 
C.S.graphic--1.30 
Ratio to 
Mean 
2.30 
1.89 
1.77 
1.51 
1.33 
1.32 
1.11 
1.02 
0.83 
0.73 
0. 71 
0.63 
0.58 
0.57 
0.56 
U.47 
0.39 
0.28 
All Maximum One-Day Floods 
Regardles.s of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharge 
c .f.s. Ratio to 
Mean 
April 16, 1939 28,300 1.90 
April 1, 1927 23,200 1.55 
April 13, 1929 21,700 1.45 
June 27, 1935 18,600 1.25 
April 29, 1935 18,000 1.20 
Dec. 25, 1932 16,400 1.10 
May 23, 1937 16,200 1.08 
May 24, 1938 13,600 0.91 
April 10, 1929 12,900 0.86 
Sept. 29, 1936 12,500 0.84 
Nov. 5, 1935 12,200 0.82 
June 2, 1929 11,500 0.77 
Nov. 18, 1928 11,000 0.74 
March 20, 1937 10,900 0.73 
May 8, 1927 10,700 0. 72 
June 10, 1937 10,500 0. 70 
May 3, 1937 10,400 0. 70 
Sent. 10 1926 10 200 0 68 
Mean---14,922 
c.v.--0.350 c .s .adj--1.702 
Plotting 
Position 
Percent-
age of 
Time 
2.9 
8.8 
14.7 
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TABLE 43 
DISCHARGE DATA, LITTLE PINEY RIVER AT NEWBURG 
Drainage Area, 200 sq. mi. 12 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve l 
Date of Flood Discharge 
c.f.s. Ratio to 
Mean 
June 26, 1935 13,400 3.17 
May 6, 1929 7,420 1. 75 
May 13, 1933 7,080 1.67 
April 16, 1939 4,010 0.95 
Nov. 2, 1936 3,970 0.94 
Sept. 13, 1934 3,230 0.76 
Feb. 25, 1930 3,160 0.74 
May 23, 1928 2,840 0.67 
June 7, 1936 1,970 0.41 
April 17, 1940 1,440 0.34 
Dec. 31, 1931 1,390 0.32 
Mav 22 · 1931 820 0.19 
Mean---4,227 
C. V. --0.845 C.S.adr - 2,46 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
(Partial Duration Curve) 
Date of Flood Discharge 
c.f.s. 
June 26, 1935 13,400 
March 11, 1935 8,220 
May 6, 1929 7,420 
May 13, 1933 7,080 
April 16, 1939 4,010 
Nov. 2, 1937 3,970 
Sept. 13, 1934 3,230 
May 2, 1937 3,200 
Feb. 25, 1930 3,160 
Jan. 14, 1937 2,860 
May 23, 1938 2,840 
Aue:. 16 1934 2 6110 
Mean---5,171 
c.v.--0.632 c.s. adf-2.360 
c.s.graphic--3.00 
TABLE 44 
Ratio to 
Mean 
2.59 
1.59 
1.43 
1.37 
0,77 
0.77 
0.62 
0.62 
0.61 
0.55 
0.55 
0 51 
DISCHARGE DATA, LOCUST CREEK NEAR LINNEUS 
Drainage Area, 550 sq. mi. 12 Years of Record 
Maximum Annual One-Day Floods All Maximum One-Day Floods 
( Probability Curve) Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharge Date of Flood Dischare:e 
c.f.s. Ratio to c.f.s. Ratio to 
Mean Mean 
April 21, 1929 13,700 2.20 April 21, 1929 13,700 1.71 
June 21, 1939 12,700 2.03 June 2, 1935 10,400 1.30 
June 2, 1935 10,400 1.66 June 2, 1929 9,440 1.18 
Nov. 23, 1931 8,040 1.29 Nov. 23, 1931 8,040 1.00 
April 20, 1931 7,940 1.27 April 20, 1931 7,940 1.00 
Oct. 31, 1929 5,730 0.92 Dec. 31, 1931 7,940 1.00 
Jan. 30, 1937 5,110 ci.82 June 6, 1931 7,750 0.97 
Dec. 24, 1932 4,390 0.70 July 4, 1935 7,080 0,88 
Feb. 26, 1936 3,100 0.50 Aug. 18, 1932 6,420 0.80 
Aug. 18, 1940 2,34C 0.37 May 2, 1935 6,040 0.76 
April 5, 1934 900 0.14 Oct. 31, 1929 5,730 0.72 
Tune 7 1938 639 0 10 Tune 30 1930 ,; 4.RO n RR 
Mean---6,249 Mean---7, 995 
c. v . --o. 703 c.s.adf-0.617 c.v. --0.289 c.s.adf-2.095 
Plotting 
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TABLE 45 
DISCHARGE DATA, LOCUST CREEK NEAR MILAN 
Drainage Area, 225 sq. mi. 12 Years of Record 
Maximum Annual One-Day Floods All Maximum One-Day Floods 
( Probability Curve) Regardless of Time of Occurrence 
( Partial Duration r.urve) 
Date of Flood Discharl!'.e Date of Flood Discharl!'.e 
c.f.s. Ratio to c.f.s. Ratio to 
UM- Meon 
Nov. 18, 1928 3,880 1.40 Nov. 18, 1928 3,880 1.21 
Sept. 17, 1926 3,200 1.15 Nov. 3, 1928 3,820 1.19 
Aug. 19, 1932 3,200 1.15 June 2, 1929 3,490 1.08 
June 19, 1928 2,980 1.07 April 20, 1929 3,230 1.00 
April 25, 1925 2,940 1.06 Sept. 17, 1926 3,200 1.00 
Oct. 5, 1926 2,770 1.00 Aug. 18, 1932 3,200 1.00 
July 12, 1922 2,700 0.97 Aug. 3, 1932 3,170 0.99 
June 6, 1931 2,590 0.93 Nov. 25, 1931 3,010 0. 94 
Oct. 31, 1929 2,440 0.88 June 19, 1928 2,980 0.93 
June 27, 1924 2,420 0.87 April 25, 1925 2,940 0.92 
Nov. 14, 1922 2,240 0.81 Sept. 12, 1928 2,890 0.90 
Dec. 25 1932 1 970 0.71 Oct. 5 1926 2 '7'70 1\ll~ 
Mean---2, 777 Mean---3,215 
c. v.--0.183 c.s.adf-0.880 c.v.--0.140 c.s.adJ--0.678 
TABLE 46 
DISCHARGE DATA, MEDICINE CREEK NEAR GALT 
Drainage Area, 225 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharl!'.e 
c.f.s. 
March 12, 1939 7,220 
April 20, 1929 6,600 
Sept. 12, 1928 6,260 
Dec. 31, 1931 6,160 
Sept. 17, 1926 4,640 
June 18, 1935 4,440 
April 20, 1931 3, 910 
April 19, 1927 3,720 
Feb. 21, 1937 3,560 
June 28, 1924 3,170 
April 25, 1925 3,000 
July 13, 1922 2,960 
Aug. 18, 1940 2,390 
Nov. 15, 1922 2,230 
Oct. 31, 1929 1,890 
May 13, 1933 1,660 
Feb. 25, 1936 1,210 
June 2, 1938 926 
3ept. 13 1934 369 
Mean---3,490 
C.V.--0.571 C.S.adr-0.530 
C.S.graphic--.700 
Ratio to 
Mean 
2.07 
1.89 
1.79 
1.77 
1.33 
1.27 
1.12 
1.06 
1.02 
0.91 
0.86 
0.85 
0.68 
0.64 
0.54 
0.48 
0.35 
0.26 
011 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharl!'.e 
c.f.s. Ratio to 
Mean 
March 12, 1939 7,220 1.52 
April 20, 1929 6,600 1.39 
Sept. 12, 1928 6,260 1.32 
Dec. 31, 1931 6,160 1.30 
Aug. 2, 1932 6,000 1.26 
Nov. 14, 1931 5,100 1.07 
June 18, 1928 5,090 1.07 
Sept. 17, 1928 4,620 0.97 
June 2, 1929 4,550 0.96 
June 18, 1935 4,440 0.94 
June 2, 1935 4,290 0.90 
July 3, 1935 4,290 0.90 
Aug. 17, 1932 4,220 0.89 
Feb. 27, 1929 4,110 0.86 
April 20, 1931 3,910 0.82 
April 19, 1927 3,720 0. 78 
Feb. 21, 1937 3,560 0.75 
June 28, 1924 3,170 0.67 
Tun" 21 1939 3 080 0 
Mean---4, 757 
C.V.--0.250 C.S.adr-0.809 
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TABLE 47 
DISCHARGE DATA, NIANGUA RIVER NEAR DECATURVILLE 
Drainage Area, 627 sq. mi. 10 Years of Record 
Maximum Annual One-Day Floods 
"'robability Curve) 
Date of Flood n1scharve 
c.f.s. Ratio to 
Mean 
March 12, 1935 17,800 2.16 
May 15, 1933 12,800 1.55 
June 29, 1932 9,110 1.11 
Jan. 16, 1937 8,230 1.00 
April 17, 1939 6,810 0. 83 
Sept. 28 , 1936 6, 700 0.81 
Aug. 7, 1931 6,450 0. 78 
May 24, 1938 6,240 0. 76 
May 2, 1941 4,560 0, 55 
Aoril 17 1934 3 690 0.45 
Mean---8,239 
C.V.--0.510 C.S.adf-2.23 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Dis char.,.e 
c.f.s. 
Mar ch 12, 1935 17,800 
June 22, 1935 14,700 
May 15, 1933 12,800 
Dec. 25, 1932 12,700 
June 29, 1932 9, 110 
April 17, 1933 9,000 
Jan. 16, 1937 8, 230 
June 10, 1937 7, 580 
April 17, 1939 6,810 
Seot. 28 1936 6 700 
Mean---10,543 
c.v.--0. 356 c .s .adf-1.263 
c.s.graphic--l.80 
TABLE 48 
Ratio to 
Mean 
1.69 
1.40 
1.21 
1.20 
0.86 
0.85 
0.78 
0.72 
0.65 
0.63 
DISCHARGE DATA, NODAWAY RIVER NEAR BURLINGTON JCT. 
Plotting 
Pos ition 
Percent-
age of 
Time 
5 
15 
25 
35 
45 
55 
65 
75 
85 
95 
Drainage Area, 1,240 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharge 
c.f. s . 
March 12, 1939 18,000 
March 4, 1937 15,700 
Sept. 3, 1926 15,600 
March 13, 1929 14,000 
Nov. 23, 1932 13, 200 
July 21 , 1928 11,800 
June 27, 1924 8,400 
Feb. 25, 1936 6,520 
June 18, 1935 6,170 
Oct. 3, 1926 5,990 
July 28, 1940 5,720 
July 10, 1922 5,630 
May 31, 1938 5,400 
May 7, 1930 4,600 
Sept. 25 , 1931 4,100 
March 26, 1923 3,000 
Feb. 23, 1925 2,370 
Sept. 27, 1934 2,150 
Aoril 1 1933 1 750 
Mean---7, 900 
C.V.--0.648 C.S.adr-0.904 
c .s.graphic--1. 3o 
Ratio to 
Mean 
2.28 
1.99 
1.97 
1. 77 
1.67 
1.37 
1.06 
0.83 
0.78 
0.76 
0.72 
0.71 
0.68 
0.58 
0.52 
0. 38 
0.30 
0. 27 
0 22 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Pa rtial Duration Curve) 
Date of Flood Dis cha rge 
c.f.s. 
March 12, 1939 18, 000 
March 4, 1937 15,700 
Sept. 3, 1926 15,600 
March 13, 1929 14,00Q 
Nov. 23 , 1931 13, 200 
July 6, 1929 12,000 
July 21, 1928 11,800 
Aug. 15, 1932 9, 970 
July 15, 1929 9, 560 
Feb. 2, 1926 9,300 
June 1, 1929 8,860 
June 27, 1924 8,400 
June 17, 1928 8,180 
Ma y 21, 1937 7,890 
June 8, 1928 7, 580 
June 9, 1924 7,410 
April 21,1929 7,340 
Dec. 31, 1931 6,900 
Feb 25 1936 6 ~?n 
Mean---10,432 
C.V.--0. 328 C.S.adr-1.085 
C.S.graphic--1.600 
Ratio to 
Mean 
1. 72 
1.50 
1.49 
1.34 
1.26 
1.15 
1.13 
0. 95 
0.91 
0.89 
0.85 
0.80 
0.78 
0.75 
0.72 
0.71 
0.70 
0.66 
0.62 
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TABLE 49 
DISCHARGE DATA, OSAGE RIVER AT OSCEOLA 
Drainage Area, 8,220 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods All Maximum One-Day Floods Plotting 
( Probability Curve) Regardless of Time of Occurrence Position 
( Partial Duration f'ur•·-' Percent-
Date of Flood Dischar"'e Date of Flood Dlscharue age of 
c.f.s. Ratio to c.f.s. Ratio to Time 
Mean Mean 
April 11, 1927 70,100 1.81 April 10, 1922 71,400 1.45 2.6 
- - - - - 1929 70,ooo* 1.80 April 11, 1927 70,100 1.42 7.9 
April 10, 1922 65,000 1.67 May 21, 1929 70,000 1.42 13.2 
June 9, 1935 59,100 1.52 Aug. 20, 1927 62,900 1.28 18.4 
Oct. 8, 1928 55,400 1.42 June 9, 1935 59,100 1.20 23. 7 
June 17, 1937 47,900 1.23 Oct. 8, 1927 55,400 1.12 29.0 
May 30, 1938 47,300 1.21 June 22, 1927 48,900 0.99 34.2 
July 14, 1924 43,000 1.10 June 17, 1937 47,900 0.97 39.~ 
June 17, 1923 38,700 1.00 June 11, 1928 47,200 0.96 44.f 
May 16, 1933 36,900 0.95 May 31, 1938 46,400 0.94 50.C 
Sept. 24, 1925 31,500 0.81 Oct. 11, 1926 44,600 0.91 55,3 
Nov. 9, 1925 30,000 0.77 July 14, 1924 43,000 0.87 60.6 
May 21, 1931 26,300 0.67 July 23, 1927 42,300 0.86 65.8 
Sept. 28, 1936 25,800 0.66 March 22, 1927 41,500 0.84 71.1 
Dec. 1, 1931 23,100 0.59 Nov. 26, 1928 40,000 0.81 76.4 
- - - - 1930 22,600* 0.58 June 17, 1923 38,700 0.79 81.6 
May 9, 1939 19,300 0.50 May 6, 1933 36,900 0.75 86.8 
May 2, 1940 14,100 0.36 May 3, 1924 0.72 92.1 
Sent. 13 1934 l? '700 0 00 Ua-rh 1 1 O~O n RR 0'7 A 
Mean---38 884 Mean---49 226 
*Records dicontinuous, discharge estimated 
<.;.V.--0.475 C.S.adr-0.486 C.V. --0.254 C.S.adr-0.855 
c.s.graphic--1.00 
TABLE 50 
DISCHARGE DATA, PINEY CREEK NEAR BIG PINEY 
Drainage Area 560 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods All Maximum One-Day Floods Plotting 
( Probability Curve) Regardless of Time of Occurrence Position 
( Partial Duration Curve) Percent-
Date of Flood Discharge Date of Flood Dlschar"'e age of 
c.f.s. Ratio to c.f.s. Ratio to Time 
Mean Mean 
March 11, 1935 16,900 1.98 March 11, 1935 16,900 1.57 2.6 
June 9, 1928 15,200 1. 78 June 9, 1928 15,200 1.42 7.9 
May 14, 1933 14,500 L70 May 14, 1933 14,500 1.35 13.2 
Feb. 18, 1938 12,500 1.46 Feb. 18, 1938 12,500 1.16 18.4 
Aug. 15, 1927 12,200 1.43 Dec. 14, 1927 12,300 1.15 23.7 
Jan. 15, 1937 10,600 1.24 Aug. 15, 1927 12,200 1.14 29.0 
Jan. 14, 1930 9,260 1.08 April 14, 1927 12,000 1.12 34.2 
May 16, 1923 8,660 1.01 April 16, 1933 10,800 1.01 39.5 
April 28, 1922 8,660 1.01 Jan. 15, 1937 10,600 0.99 44.8 
Dec. 20, 1924 7,520 0.88 June 3, 1935 9,800 0.91 50. 0 
April 9, 1929 7,300 0.85 May 24, 1938 9,290 0.87 55.3 
April 17, 1939 7,040 0.83 June 3, 1927 9,260 0.87 60.6 
Oct. 17, 1925 5,900 0.69 Jan. 14, 1930 9,260 0.87 65.8 
Nov. 12, 1935 5,780 0.68 April 28, 1922 8,660 0.81 71.1 
April 12, 1940 5,340 0.63 May 16, 1923 8,660 0.81 76.4 
Nov. 21, 1931 5,100 0.60 April 6, 1928 8,560 0.80 81.6 
Jan. 17, 1922 4,770 0.56 Nov. 1, 1929 8,340 0.78 86.8 
Sept. 20, 1924 3,700 0.43 April 23, 1928 7,530 0.70 92.1 
Sent. 16 1934 1 240 0.15 Dec. 20 1924 7 520 0.70 97.4 
Mean---8,535 Mean---10, 730 
C.V.--0.489 C.S.adf-1.09ii c.v.--0.248 c.s.adj--1.127 
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TABLE 51 
DISCHARGE DATA, POMME DE TERRE RIVER AT HERMITAGE 
Drainage Area, 655 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
I Probability Curve) 
Date of Flood Dischar= 
c.f.s. Ratio to 
Mean 
Aug. 8, 1927 30,800 2.36 
June 15, 1935 24,000 1.85 
May 29, 1924 20,600 1.58 
June 10, 1936 18,900 1.45 
June 10, 1926 17,500 1.35 
May 7, 1929 14,700 1.13 
Dec. 25, 1932 14,400 1.11 
March 14, 1922 12,300 0. 94 
April 6, 1929 12,200 0,94 
Nov. 8, 1925 11,700 0.90 
Aug. 6, 1931 11,600 0,89 
Sept. 22, 1925 10,200 0. 78 
June 28, 1932 9,860 0.76 
Feb. 4, 1930 6,930 0.53 
Sept. 28, 1936 6,790 0.52 
March 31, 1938 6,650 -0.51 
June 4, 1923 6,300 0.48 
May 1, 1940 6,290 0.48 
Anr!l 16 1934 5 530 0 42 
Mean---13,013 
C.V.--0.528 C.S.adf-1.440 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
I"--"-' "···•-•inn"'••-••-' 
Date of Flood Discharve 
c.f.s. 
Aug. 8, 1937 30,800 
June 15, 1935 24,000 
May 29, 1924 20,600 
March 12, 1935 20,300 
April 1, 1927 19,000 
June 10, 1937 18,900 
June 10, 1928 17,500 
June 21, 1927 17,400 
June 2, 1927 16,700 
May 7, 1929 14,700 
March 20, 1927 14,600 
Dec. 25, 1932 14,400 
Aug. 2, 1928 13,700 
Nov. 3, 1926 13,600 
May 14, 1933 13,400 
June 10, 1924 13,200 
Oct. 5, 1926 13,100 
Jan. 15, 1937 13,100 
Mar~h 14 19?2 12 300 
Mean---16,910 
C.V.--0.270 C.S.ad(-5.04 
C.S.graphic--2.50 
TABLE 52 
Ratio to 
Mean 
1.82 
1.42 
1.22 
1.20 
1.12 
1.12 
1.04 
1.03 
0,99 
0.87 
0.86 
0.85 
0.81 
0.80 
0.79 
0.78 
0.77 
0.77 
0.73 
DISCHARGE DATA, SAC RIVER NEAR STOCKTON 
Drainage Area, 1,160 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Dischar"e 
c.f.s. 
April 1, 1927 34,400 
March 12, 1935 33,000 
Dec. 25, 1932 30,400 
June 15, 1937 25,800 
June 28, 1932 25,100 
Aug. 7, 1931 22,100 
Sept. 12, 1934 20,300 
Sept. 22, 1925 20,000 
May 29, 1924 19,300 
June 30, 1928 19,300 
May 19, 1929 17,800 
Sept. 28, 1936 11,300 
March 14, 1922 9,070 
Nov. 8, 1925 8,600 
June 16, 1930 8,040 
May 24, 1923 7,930 
May 9, 1939 7,820 
May 8, 1938 7,450 
Mav 1 1940 5,;o 
Mean---17,540 
c.v.--0.532 c.s.adr-0.451 
C.S.graphic--1.00 
Ratio to 
Mean 
1.96 
1,88 
1.73 
1.47 
1.43 
1.26 
1.16 
1.14 
1.10 
1.10 
1.01 
0.64 
0.52 
0.49 
0.46 
0.45 
0.44 
0.42 
0 32 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Dischar.,.e 
c.f.s. Ratio to 
Mean 
April 1, 1927 34,400 1.52 
March 12, 1935 33,000 1.46 
July 21, 1927 32,300 1.43 
Dec. 25, 1932 30,400 1.35 
June 15, 1937 25,800 1.14 
June 28, 1932 25,100 1.11 
Aug. 18, 1927 22,100 0.98 
Aug. 7, 1931 22,100 0.98 
Sept. 12, 1934 20,300 0.90 
Aug. 17, 1924 20,000 0.89 
May 29, 1924 19,300 0.86 
June 2 9, 1928 19,300 0.86 
May 14, 1933 19,100 0.85 
July 20, 1924 19,000 0.84 
Aug. 17, 1924 19,000 0.84 
April 9, 1929 17,800 0.79 
May 19, 1929 17,800 0.79 
June 15, 1935 17,400 0.77 
Tan. 15 1937 1"- 200 0.63 
Mean---22,547 
c.v.--0.262 c.s.adr-1,175 
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TABLE 53 
DISCHARGE DATA, SOUTH GRAND RIVER NEAR BROWNINGTON 
Drainage Area, 1,660 sq. mi. 19 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharge 
c.f.s. Ratio to 
Mean 
Nov. 19, 1929 38,800 2.82 
May 26, 1938 29,700 2.16 
June 3, 1935 29,100 2.12 
April 9, _1922 21,100 1.53 
Oct. 5, 1928 18,500 1.34 
June 13, 1923 17,400 1.26 
March 27, 1927 14,600 1.06 
April 6, 1925 13,300 0.97 
May 24, 1927 12,200 0.89 
April 9, 1926 11,800 0.86 
June 29, 1924 11,100 0.81 
Nov. 26, 1931 9,580 0.70 
April 17, 1939 6,956 0.51 
Feb. 11, 1930 6,880 0.50 
Sept. 28, 1936 6,760 0.49 
May 13, 1933 4,840 0.35 
June 11, 1940 3,720 0.27 
May 21, 1931 2,820 0.20 
C,onf 30 1 O~d. 1 oon 0.14 
Mean---13, 744 
c.v.--o. 731 c.s.ad(-1.430 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharge 
c.f.s. 
Nov. 19, 1928 38,800 
April 26, 1938 29,700 
June 3, 1935 29,100 
April 9, 1922 21,100 
April 10, 1929 20,000 
May 14, 1929 19,300 
March 15, 1922 18,600 
Oct. 5, 1927 18,500 
June 13, 1923 17,400 
March 22, 1927 14,600 
April 17, 1927 14,000 
April 6, 1925 13,300 
May 24, 1937 12,200 
April 9, 1926 11,800 
June 25, 1929 11,400 
June 29, 1924 11,100 
May 10, 1927 10,900 
Feb. 9, 1928 10,800 
Tnno 3 10?" 1n ~nn 
Mean---17,521 
c.v.--0.440 c.s.ad(-1.920 
C.S.graphic- -2.40 
TABLE 54 
Ratio to 
Mean 
2.21 
1.69 
1.66 
1.21 
1.14 
1.10 
1.06 
1.05 
0.99 
0.83 
0.80 
0. 76 
0.70 
0.67 
0.65 
0.63 
0.62 
0.62 
"',9 
DISCHARGE DATA, TARKIO RIVER AT FAffiFAX 
Drainage Area, 508 sq. ml. 19 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Dischare:e 
c.f.s. 
March 12, 1939 9,330 
July 7, 1929 9,000 
Sept. 12, 1928 7,090 
Sept. 3, 1926 6,960 
June 12, 1924 6,090 
May 30, 1932 5,500 
June 15, 1925 4,530 
July 28, 1940 4,300 
Oct. 19, 1934 3,980 
March 4, 1937 3,890 
July 10, 1922 2,330 
Aug. 21, 1933 2,170 
Sept. 25, 1931 2,140 
June 11, 1938 2,120 
Feb. 29, 1936 1,790 
Oct. 3, 1926 1,740 
June 19, 1930 1,560 
May 11, 1923 1,030 
Sent. 26 1934 710 
Mean---4,013 
C.V.--0.661 C.S.adr-0.925 
C.S.graphic--1.50 
Ratio to 
Mean 
2.32 
2.24 
1.76 
1. 73 
1.51 
1.37 
1.12 
1.07 
0.99 
0.97 
0.58 
0.54 
0.53 
0.53 
0.45 
0.43 
0.39 
0.26 
0.18 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharge 
c.f.s. Ratio to 
Mean 
March 12, 1939 9,330 1.69 
July 7, 1929 9,000 1.63 
Sept. 12, 1928 7,090 1.28 
Sept. 3, 1926 6,960 1.26 
March 6, 1929 6,350 1.15 
June 12, 1924 6,090 1.10 
July 15, 1929 5,960 1.08 
May 30, 1932 5,500 0.99 
June 24, 1924 5,440 0.98 
Nov. 23, 1931 5,180 0.93 
July 19, 1924 4,920 0.89 
July 21, 1928 4,720 0.85 
June 15, 1925 4,530 0.82 
July 28, 1940 4,300 0.77 
Aug. 27, 1940 4,170 0.75 
Oct. 19, 1934 3,980 0.72 
March 4, 1937 3,890 0.70 
May 11, 1929 3,870 0.70 
Tune 1 1929 3 870 0 70 
Mean---5,534 
C.V.--0.295 C.S.adr-1.494 
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TABLE 55 
DISCHARGE DATA, THOMPSON RIVER AT TRENTON 
Drainage Area, 1,680 sq. mi . 12 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Discharue 
c.f.s. 
Nov. 18, 1928 26,500 
Nov. 24, 1931 24,700 
June 1, 1935 24,000 
March 13, 1939 20,700 
Feb. 20, 1937 13,400 
Aug. 18, 1940 12,300 
Sept. 27, 1933 6,590 
June 17, 1930 5, 980 
Feb. 26, 1936 5, 280 
Sept. 25, 1931 5,100 
Aug. 9, 1938 4,970 
Tune 23 1934 3 940 
Mean---12, 788 
c.v.- - 0.689 c .s.ad(-0.805 
c .s.graphic--l.80 
Ratio to 
Mean 
2.07 
1.93 
1.88 
1.62 
1.05 
0. 96 
0. 52 
0.47 
0.41 
0.40 
0. 39 
0.31 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
( Partial Duration Curve) 
Date of Flood Discharue 
c.f.s. Ratio to 
Mean 
Nov. 18, 1928 26,500 1.30 
Nov. 24, 1931 24,700 1.21 
June 2, 1929 24,600 1.21 
June 1, 1935 24,000 1.18 
April 20, 1929 23,600 1.16 
Feb. 26, 1929 22,200 1.09 
Jan. 1, 1932 20,100 0.99 
June 18, 1935 19,500 0. 96 
Sept. 15, 1928 17,800 0.88 
Nov. 3, 1928 14,200 0.70 
Feb. 20, 1937 13,400 0.66 
Oct 7 1931 13 300 0.65 
Mean---20,325 
c.v.--0.232 c .s.adf-o. 703 
TABLE 56 
DISCHARGE DATA, WELDON RIVER AT MILL GROVE 
Drainage Area, 494 sq. mi. 12 Years of Record 
Maximum Annual One-Day Floods 
( Probability Curve) 
Date of Flood Dischare:e 
c.f.s . 
June 18, 1935 11,700 
June 2, 1929 11,500 
Nov. 24, 1931 10,900 
March 13, 1939 8,710 
July 31, 1940 5, 250 
Feb. 20, 1937 5,000 
Sept. 27, 1933 4,970 
Sept. 26, 1930 3,270 
Feb. 26, 1936 2,880 
Oct. 29, 1929 2,540 
April 4, 1934 1,650 
Tune 1 1938 1 600 
Mean---5,831 
c .v.--0.665 c.s.ad(-0.860 
C.S.graphic- -1.40 
Ratio to 
Mean 
2.02 
1.97 
1.88 
1.50 
0.90 
0.86 
0.85 
0.56 
0.50 
0.44 
0.28 
0,27 
All Maximum One-Day Floods 
Regardless of Time of Occurrence 
I Partial Duration Curve) 
Date of Flood Dls chare:e 
c.f. s . Ratio to 
Mean 
June 18, 1935 11, 700 1.38 
June 2, 1929 11,500 1.35 
Nov. 24, 1931 10,900 1.28 
May 24, 1935 9,820 1.15 
June 3, 1935 9,600 1.12 
Aug. 2, 1932 9,400 1.10 
Aug. 18, 1932 8,560 1.00 
April 20, 1929 7,530 0.88 
Jan. 1, 1932 7,530 0.88 
July 12, 1929 5,510 0.65 
April 22, 1932 5,400 0. 63 
Oct. 8 1931 5 060 0,59 
Mean---8,542 
c .v.--0.277 c.s.ad(-0. 294 
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Use of the Probability Curves. The probability curves presented in 
this bulletin apply strictly to the points at which the gaging stations are 
located, but they also furnish information which may assist in predicting 
the probable floods at other points in the same and similar basins. 
Fuller's mean-flood formula Qm = CM0 · 8 (Ref. 8) furnishes a method 
for compensating for area differences. In order to predict the probable 
flood at a point other than the gaging station the following procedure may 
be followed : 
1. Look up the flood coefficient for the area in Table 7. If the 
topography above the point in question is not typical of the general 
topography above the gaging station, the coefficient may have to be modified 
accordingly. 
2. Multiply this coefficient by the new area raised to the 0.8 power, to 
compute the mean flood; Qm = CM0 · 8 • 
3. Obtain from the probability graph of the record station the ratio 
of the flood of the desired frequency to the mean flood. The computed 
mean flood multiplied by this ratio, will give the 24-hour average flood of 
the required frequency. 
The maximum instantaneous rate of flood will generally be from five 
to ten percent higher than the 24-hour average flood rate. This ratio may 
be much larger on small areas where the flood peak flow may pass the 
gaging station in a few hours. Here, again Fuller's equation for peak flood 
rate discussed on page 31 is suggested. The ratio of the peak rate of 
discharge to the 24-hour average flood is given in Table 8 for the greatest 
flood on record at each of the stations studied. 
Before the flood rates determined by the Probability method are 
adopted, it may be advisable to apply a factor of safety. The magnitude 
of this factor will depend upon the judgment of the engineer. It will be 
influenced by the length of the record period, the element of safety already 
included in the selection of the flood coefficient, and a review of rainfall 
records during and antecedent to the period covered by the runoff record. 
VI. STAGE-DISCHARGE RELATIONS 
Practically every system of estimating probable floods results in a 
"rate of flow," generally expressed in cubic feet per second. To make 
this information of value to the designing engineer it is necessary to trans-
pose the flood discharge into terms of water surface elevation. 
If stage-discharge rating curves exist for the point in question the 
problem is one of extending these rating curves to higher discharge rates 
by some method of extrapolation. The method employed will depend upon 
local conditions. If the channel at the control section is straight and 
uniform, will not overflow, and the control will not be drowned, a single 
mathematical equation expresses the relation between stage and discharge. 
In this rare case the logarithmic method may be employed (Ref. 23). In 
most cases the rating curve can be better extended by means of the .A.yd 
method (Ref. 23, 24). 
If no rating curves exist an approximate elevation corresponding to 
the probable flood rate can be computed from Manning's formula. The 
slope and the channel cross-sections may be determined from surveys or 
topographic maps, depending upon the degree of accuracy required. When 
the stream overflows its banks and covers the flood plain it is necessary 
to treat the flow in the channel section and that in the shallow flood plain 
section separately. Stage elevations obtained in this way can be only rough 
approximations since the roughness coefficient for flood stage may not agree 
with that obtained from measured flow at lower stage; and the stage 
corresponding to a given rate of discharge is lower when the stream is ris-
ing than when it is falling. Further discussion of this problem was given 
in Chapter II, page 12. 
VII. CONCLUSIONS 
The State of Missouri presents a wide variety of physiographic 
features. Within its borders are found extensive alluvial swamp lands 
and rugged mountains, rolling hills and flat prairies, deep rich agricultural 
soils and heavy residual clays. Drainage basins vary in outline from 
broad fan-shape to extremely long, narrow valleys. 
These great variations in topography and geologic structure, together 
with varying climatic conditions from the north-west to the south-east 
portions of the state make accurate prediction of floods difficult. Direct 
comparisons between neighboring drainage areas may be quite misleading. 
It is, therefore, essential that the physical features of the areas under 
consideration be studied carefully before any conclusions are drawn. 
Flood formulas, as discussed by Mr. Dittbrenner, have been used suc-
cessfully by the Missouri State Highway Department for many years. This 
method of treatment is especially useful for smaller basins, under 200 square 
miles in area. In most instances the data required for probability and unit 
hydrograph studies are not available for small areas. 
For the past few years statistical methods have been in some disfavor 
among certain hydrologists. Their objections are well founded when these 
methods are used to determine extreme frequencies, and when the records 
extend over a short period of years. However, the most common floods, 
occurring at frequencies of once-in-two to once-in-25 years, may be deter-
mined with considerable accuracy from a record as short as 10 to 20 years. 
The danger which may be encountered in using the probability method 
to determine extreme flood rates is illustrated by a study of the record of 
the Cuivre River near Troy, Mo., draining an area of 903 square miles. 
The probability curve derived from the nineteen-year record indicates a 
maximum 24-hour flood of 59,600 c.f.s. for an average frequency of once-
in-100 years. The maximum recorded 24~hour flood of 47,400 c.f.s. 
occurred on Sept. 5, 1926. The corresponding momentary peak flow on 
that date was 50,000 c.f.s. The extreme peak flow recorded during the 
record period was 52,600 c.f.s. on Mar. 16, 1929. On Oct. 5, 1941 a 24-
hour flood of 72,900 c.f.s. was recorded and the momentary peak reached 
120,000 c.f.s. or 133 c.f.s. per square mile. This 24-hour flood repre-
sents a probable average frequency of 400 years. The high ratio of 
momentary discharge to 24-hour average rate of flow, 1.65-to-one, is 
unprecedented, for an area this large, in the records of Missouri streams. 
The intensive study which is being given to the problem of flood 
prediction at the present time is indicative of the need for more knowledge 
of the fundamental processes involved in runoff, and for improvement of 
technique. Methods employing the unit hydrograph and laws of hydraulics 
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are rece1vmg much attention and appear to offer the greatest promise of 
producing safe estimates whenever sufficient data have been accumulated 
to justify their use. 
Regardless of the method adopted, the safe solution of the problem of 
flood prediction requires broad acquaintance with the published litera-
ture on the subject and a thorough understanding of the laws of hydraulics 
and hydrology. 
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